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Appellants hereby submit an original and two copies of this Appeal Brief in response to 
ttie Final Office Action dated May 20, 2005. This Brief is filed pursuant to the Notice of Appeal 
mailed on July 28, 2005. 

The fee for filing this Appeal Brief is attached hereto. No additional fees are believed 
due in connection with the instant paper. However, should any other fees be due, or the attached 
fee be deficient or absent, the Commissioner is authorized to withdraw the appropriate fee from 
Fulbright & Jaworski L.L.P. Deposit Account No. 50-1212/UTSC:664. Please date stamp and 
return the enclosed postcard to evidence receipt of this document. 

L REAL PARTIES IN INTEREST 

The real parties in interest is the Board of Regents, The University of Texas System 

(assignee). 

II. RELATED APPEALS AND INTERFERENCES 

There are currently no related appeals or interferences. 

III. STATUS OF THE CLAIMS 

The application was filed with original claims 1-51. Claims 1, 5, 33, 36, 42-51, and 54 
were canceled during prosecution without prejudice or disclaimer. New claims 52-61 were 
added during prosecution. Claims 56-61 were withdrawn by the Examiner, who has taken the 
position that the claims are directed to "independent or distinct" subject matter. Appellants have 
separately petitioned the withdrawal of claims 56-61. 

Thus, claims 2-4, 6-35, 37-41, 52-53, and 55 are currently pending. Of these, claims 2-4, 
6-35, 37-41 and 52-55 are subject to the present appeal, with the subject matter of each of these 
claims being free of the prior art. The Examiner has indicated in the Office Action dated May 
20, 2005, that claims 7, 11-14, 16-22, 24-29, 52, 53, and 55 are allowed. 
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A copy of the appealed claims is attached as a Claims Appendix. 

IV. STATUS OF AMENDMENTS 

No amendments were sought to the pending claims following receipt of the most recent 
Office Action (the Office Action dated May 20, 2005), a non-final Office Action. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention provides a new radiolabeling strategy to target tissues for imaging. 
Specification, page 4, lines 11-12. More particularly, the present invention is generally directed 
to methods of synthesizing a radiolabeled ethylenedicysteine (EC) derivative for imaging, 
involving the steps of obtaining a tissue specific ligand, admixing the ligand with EC to obtain 
an EC-tissue specific ligand derivative, and admixing the EC-tissue specific ligand derivative 
with a radionuclide and a reducing agent to obtain a radionuclide labeled EC-tissue specific 
ligand derivative, wherein the EC forms an N2S2 chelate with the radionuclide. Specification, 
page 7, lines 5-13.^ The present invention is also generally directed to methods of labeling a 
tissue specific hgand for imaging, involving the steps of obtaining a tissue specific Hgand, 
admixing the tissue specific ligand with EC to obtain an EC-ligand conjugate, and reacting the 
conjugate with ^^""Tc in the presence of a reducing agent to form an N2S2 chelate between the EC 
(with or without linker) and the ^^""Tc. Specification, page 7, lines 15-20. Exemplary tissue- 
specific ligands include an anticancer agent, a tumor marker, a folate receptor targeting ligand, a 
tumor apoptotic cell targeting ligand, a tumor hypoxia targeting ligand, glutamate pentapeptide, 
and an agent that mimics glucose. Specification, page 5, lines 5-14. Exemplary radionuclides 
include ^^'"Tc, ^^^Re, ^«^Re, ^^^Sm, ^^^Ho, ^V, ^^Sr, ^^Ga, ^«Ga, ^^^In, ^^^Gd, ^^Fe, ^^^Ac, ^^^Bi, 
^^^At, ^"^Cu and ^^Cu. Specification, page 6, lines 21-28. 

' Appellants note that citations to the Specification identify exemplary support for the claimed invention. Other 
support in the Specification can be found and relied upon if necessary. 
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The present invention also pertains to methods of imaging a site within a mammahan 
body involving the steps of administering an effective diagnostic amount of a composition 
comprising a ^^""Tc labeled EC-tissue specific ligand conjugate and detecting a radioactive signal 
from the ^^""Tc localized at the site. Specification, page 7, line 25 through page 8, line 2. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 
This appeal presents the following issues: 

a) whether the subject matter of claims 2-4, 6, 8-10, 15, 23, 30, 31, 33-35, and 
37-41 is adequately enabled by the subject specification as required by 35 
U.S.C. §112, first paragraph; 

b) whether claims 2-4, 6, 8-10, 15, 23, 30, 31, 33-35, and 37-41 are indefinite 
under 35 U.S.C. §112, second paragraph; and 

c) whether claim 32 is indefinite under 35 U.S.C. §112, second paragraph. 

VII. ARGUMENT 

As an initial matter. Appellant notes that findings of fact and conclusions of law by the 
U.S. Patent and Trademark Office must be made in accordance with the Administrative 
Procedure Act, 5 U.S.C. § 706(A), (E), 1994. Dickinson v. Zurko, 527 U.S. 150, 158 (1999). 
Moreover, the Federal Circuit has held that findings of fact must be supported by "substantial 
evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). In In re 
Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks whether a 
reasonable fact finder could have arrived at the agency's decision." Id, at 1312. Accordingly, it 
necessarily follows that an Examiner's position on Appeal must be supported by "substantial 
evidence" within the record in order to be upheld by the Board of Patent Appeals and 
Interferences. 
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A. Rejection of Claims 2-4, 6, 8-10, 15, 23, 30, 31, 33-35, and 37-41 under 35 
U.S.C. §112, First Paragraph 

The Action rejects claims 2-4, 6, 8, 10, 15, 23, 30, 31, 33-35, and 37-41 under 35 U.S.C. 
§112, first paragraph, as not being enabled for the full scope of the claimed invention, in 
particular, methods of synthesizing EC conjugates of anticancer agents, tumor markers, folate 
receptor targeting ligands, tumor apoptotic cell targeting ligands, tumor hypoxia targeting 
ligands, or agents that mimic glucose. Appellants respectfully traverse. 

35 U.S.C. §112, first paragraph, states in part that "[t]he specification shall contain a 

written description of the invention, and of the manner and process of making and using it, in 

such full, clear, concise, and exact terms as to enable any person skilled in the art to v^hich it 

pertains, or with which it is most nearly connected, to make and use the same." 35 U.S.C. §112, 

first paragraph. It is permissible for some experimentation to be required to practice the claimed 

invention, so long as it is not undue. Atlas Powder Co. v. E,L Dupont De Nemours & Co., 750 

F.2d 1569, 1576 (Fed. Cir. 1984). Appellants also note that "[a]s long as the specification 

discloses at least one method for making and using the claimed invention that bears a reasonable 

correlation to the entire scope of the claims, then the enablement requirement is satisfied." 

MPEP §2164.01(b) citing In re Fisher, All F.2d 833, 839, 166 USPQ 18, 24 (CCPA 1970). 

1. The Same Language Rejected in the Present Case has been Found 
Acceptable by the Examiner in Appellants^ Companion CasCy US. 
Patent 6,692 J24 

Appellants were somewhat surprised to find that this rejection has been maintained in the 
present case, hi Appellants' companion case being examined by the same Examiner, USSN 
09/434,313, the same language rejected in the present case has been found acceptable based on 
essentially the same specification. Indeed, the '313 appUcation has recently issued as U.S. Patent 
6,692,724, copy enclosed (Exhibit A), and was allowed and issued subsequent to the entry of the 
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rejections in the present case. This issued patent is, of course, presumed valid and the claim 
language presumed to be enabled and fully described in the specification. As such, the '724 
patent is strong evidence that the claims here satisfy both requirements. Appellants therefore 
assert that the rejections are improper. 

2. The Examiner has Failed to Meet her Burden of Establishing a Factual 
Basis to Support the Rejection of Claims 2-4 j 6, 8, 10, IS, 23, 30, 31, 33- 
35, and 37-41 under 35 U.S.C. §112, First Paragraph 

Appellants observe that the Examiner has provided no factual basis to rebut the teachings 
of the specification or support the premise that one skilled in the art would have to undertake 
undue experimentation to "obtain a tissue specific ligand, wherein the tissue specific ligand is an 
anti-cancer agent, a tumor marker, a folate receptor targeting ligand, a tumor apoptotic cell 
targeting Ugand, a tumor hypoxia targeting Ugand, or an agent that mimics glucose... admixing 
said ligand with ethylenediceysteine (EC) to obtain an EC-tissue specific ligand derivative; 
and... admixing said EC-tissue specific Ugand derivative with a radionucHde and a reducing 
agent to obtain a radionuclide labeled EC-tissue specific ligand derivative, wherein the EC forms 
an N2S2 chelate with the radionuclide." "A specification disclosure which contains a teaching of 
the manner and process of making and using the invention . . . must be taken as in compliance 
with the enabling requirement of the first paragraph of §112 unless there is reason to doubt the 
objective truth of the statements contained therein which must be relied on for enabling support." 
Rasmusson v.Smithkline Beecham Corp., 413 F.3d 1318 (Fed. Cir. 2005), quoting In re Brana, 
51 F.3d 1560 (Fed. Cir. 1995), quoting In re MarzocchU 439 F.2d 220, 223, 169 U.S.P.Q. 367, 
(CCPA 1971). Because the Examiner has failed to provide any factual evidence to doubt the 
sufficiency of Appellants' disclosure, the rejection is improper. 
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In contrast, Appellants have presented substantial factual support in their responses to the 

last two Office Actions, in accordance with the factors of In re Wands, to which the Examiner 

has not responded. Appellants below summarize the previous factual presentation, including the 

Declaration of Jerry L. Bryant, M.S., which, as discussed below, provides a detailed 

demonstration of the enablement of the claims. 

3, Undue Experimentation is Not Needed to Practice the Invention of 
Claims 2-4, 6, 8, 10, 15, 23, 30, 31, 33-35, and 37-41 

In light of the teachings of the specification and the level of skill in the art, undue 

experimentation is not needed for one of ordinary skill in the art to synthesize a tissue specific 

ligand-EC conjugate (EC-Ugand conjugate) as claimed. Factors to be considered include (1) the 

nature of the invention, (2) state of the prior art (3) level of one of ordinary skill in the art, (4) 

level of unpredictability in the art, (5) amount of direction an guidance provided by the inventor 

(6) existence of working examples (7) breadth of the claims and (8) the quantity of 

experimentation needed to make or use the invention based on the content of the disclosure. In 

re Wands, 858 F.2d 731, 8 USPQ2d 1400 (Fed. Cir. 1988). 

a) The Art Related to the Claimed Invention was Well Developed at 
the Time of the Priority Date and Skill in the Art was High 

The nature of the invention is directed to methods of synthesizing EC-tissue specific 
Ugand complexes. The state of the art is one in which radiolabeling of other chelates was 
known. Also known in the art were synthetic methods for conjugating imaging agents to 
targeting agents based on the available functional groups of the targeting agent, see U.S. Patent 
5,517,993, column 7, line 53 to column 8, line 26 ( Exhibit B). Thus, one of ordinary skill in the 
art of imaging agent synthesis possessed a high level of skill in conjugating imaging agents to 
targeting agents. 
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b) The Specification Provides Sufficient Guidance to One of Skill 
in the Art for the Purpose of Selecting a Targeting Agent 

One of ordinary skill in the art, in light of the specification, could have readily selected a 
targeting agent to be used in the claimed methods for synthesizing an EC-tissue specific ligand 
conjugate. Appellants' specification provide guidance to the skilled artisan by means of a 
number of examples illustrating the coupling of EC to a representative number of tissue specific 
ligands. The tissue specific ligands described in the specification are representative of the 
various classes of tissue specific agents, including anti-cancer agents (specification, page 5, line 
16-18), tumor markers (specification, page 5, line 18-21), folate receptor targeting Ugands 
(specification, page 5 line 23), tumor apoptotic and tumor hypoxia cell targeting ligands 
(specification, page 5, line 24-25), and agents that mimic glucose (specification, page 5, Line 29 
to page 6, line 2). 

In further support, Appellants have cited scientific literature to demonstrate that one of 
skill in the art, based on the teachings of the specification, would be able to readily identify and 
select a tissue specific ligand of the invention. There are a variety of methods known in the art 
for the identification of ligands and the characterization of the identified ligand as an anticancer 
agent (Yamori et al, 1999 ( Exhibit C) - in vitro and in vivo growth inhibition assays), a tumor 
marker (Hibi et al, 1999 ( Exhibit D); Becker et al, 1999 ( Exhibit E) - northem blotting 
western blotting and immunohistochemistry), a folate receptor targeting ligand (Sudimack and 
Lee, 2000 ( Exhibit F) - radiolabeled ligand binding), a tumor apoptotic cell targeting ligand 
(Takamizawa et al, 2000 ( Exhibit G) - RNase protection and western blotting assays), a tumor 
hypoxia targeting ligand (Garayoa et al, 2000 ( Exhibit H) - northem blotting, 
immunohistochemistry, and luciferase reporter assays), or an agent that mimics glucose 
(Kanazawa et aL, 1997 ( Exhibit T) - in vivo distribution studies and NMR analysis). 
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The specification identifies various anticancer agents in Table 2 on pages 34-41. In 
addition, page 4043 of Yamori et al ( Exhibit C), describe methods that exemplify the 
identification of anticancer agents by analysis of cell growth inhibition and antitumor activity 
against nude mouse xenografts. Hibi et al ( Exhibit D) describe using northem blot, westem 
blot, and immunohistochemical analysis of various cancer cells and non-cancer cells to' identify 
the tumor marker PGP9.5. Becker et al ( Exhibit E) describe the use of a monoclonal antibody 
as a tumor marker to identify tumor cells expressing an aberrant form of E-cadherin. 

Detection of folate receptor targeting is exemplified in Sudimack and Lee ( Exhibit F) on 
page 151 to 152 where locaUzation of a folate receptor ligand is accomphshed by in vitro and in 
vivo radiolabeled ligand studies. An example of tumor apoptotic cell targeting ligand 
identification is provided in Takamizawa et al ( Exhibit G) where the expression of proapoptotic 
proteins is assayed by RNase protection and westem blotting assays. A tumor hypoxia targeting 
ligand may be identified by using northem blotting, immunohistochemistry, and luciferase 
reporter assays in conjunction with hypoxic cell culture as described in Garayoa et al,{ Exhibit 
H) Kanazawa et al ( Exhibit I) identify the tumor localization of glucose mimics or analogs by 
using in vivo distribution studies and NMR analysis. Any of these methods in combination with 
the guidance provided by the specification could be used for identifying a tissue specific ligand 
of the invention. 

c) The Specification Provides Sufficient Guidance to One of Skill 
in the Art for Purposes of Identifying the Necessary 
Conjugation Chemistry 

The specification provides a detailed description of the conjugation chemistry of the 
conjugates of the present invention. Appellants refer the Board to at least page 6, lines 4-18; 
page 22, line 18 to page 23, line 23; FIG. 1-3, 7, 8A, 16, 21, 36, 49, 54, and 59 for a detailed 
description of the chemistry and functional groups underlying the conjugation of EC to 
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representative tissue specific ligands. Of particular interest is Table 1 on page 23 of the 

specification that illustrates exemplary linkers that can be used to conjugate EC to a variety of 

functional groups. One of skill in the art is capable of identifying a functional group(s) of a 

tissue specific ligand that is useful for the synthetic methods claimed. 

d) The Specification Provides Substantial Guidance Regarding 
Routine Imaging and Distribution studies 

Once an EC-conjugate is synthesized according to the present invention, one of skill can 
readily confirm its imaging capabilities through the application of imaging studies such as the 
cellular uptake and distribution studies exemplified throughout the examples section, pages 32- 
68 of the specification. In particular, cellular uptake studies are exemplified throughout the 
examples section and in FIGs. 46-48, 55-58, 69-73, and 76-80; whereas distribution studies are 
exemphfied throughout the examples section and in FIGs. 6, 1 1, 12, 14, 15, 17-20, 25, 26, 28-35, 
37, 81-86. No undue experimentation is needed to carry out the teachings of the specification 
and perform the claimed methods for synthesizing imaging conjugates. 

In light of the foregoing, undue experimentation is not required to practice the methods 

for synthesizing an EC-tissue specific ligand conjugate in viev^ of the state of the art, and the 

ample information pertaining to the invention set forth in the specification. 

4. Declaration of Jerry L. Bryant, M.S. Further Establishes that the 
Claimed Invention is Enabled by the Specification 

As set forth above, the Examiner has failed to meet his burden of coming forward with 
factual evidence that would raise a "doubt as to the objective truth of the statements" contained 
in the application regarding enablement. See, e.g.. In re Marzocchi, 169 U.S.P.Q. 367, 370 
(CCPA 1971). Nevertheless, as set forth above, Appellants have provided ample evidence of 
enablement. 
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Appellants have provided even further evidence of enablement by submitting, as Exhibit 
J, the Declaration of Jerry L. Bryant, M.S. It should be noted that in accordance with MPEP 
§2164.05, "Appellants may submit factual affidavits or cite references to show what one skilled 
in the art knew at the time of filing the appHcation." MPEP §2164.05. "A Declaration or 
affidavit is, itself, evidence that must be considered ." MPEP §2164.05 (emphasis added). 

Mr. Bryant has expertise in the synthesis and use of radionuclide imaging agents. His 
expertise includes employment as Chief Technology Officer of several business entities that are 
involved with research directed to the synthesis and use of radionuclide imaging agents, a co- 
inventorship on three patent applications pertaining to novel radionuclide imaging agents and 
imaging technologies, involvement in fimded studies pertaining to the development of 
radionuclide imaging agents and their use in imaging, and authorship of numerous reference 
materials pertaining to the synthesis of radionuclides and their use as imaging agents. See 
paragraphs 1-3 of Exhibit J. Mr. Bryant has reviewed the present patent application and the 
Office Actions dated September 29, 2003 and June 25, 2004, and he has an understanding of the 
rejections that have been set forth by the Examiner. See paragraphs 4-6 of Exhibit J. 

As a scientist who has expertise in the synthesis and use of radionuclides, Mr. Bryant sets 
forth in his Declaration his belief that the invention set forth in the present application provides 
for novel diagnostic and therapeutic radiopharmaceuticals that can be broadly applied by 
scienfists and cHnicians, and that the chemistry of the technology is such that those of ordinary 
skill in the synthesis of radiolabeled imaging agents will be able to make and use the claimed 
radiolabeled imaging agents without an undue amount of experimentation. See paragraphs 7 and 
8 of Exhibit J. Furthermore, Mr. Bryant has declared that "[w]ithout reservation, I beUeve that if 
a skilled expert had the foresight to invent and develop this technology many years ago, it would 



25559387.1 



-10- 



be in routine use by scientists in the laboratory and clinicians in the hospital." Paragraph 9 of 
Exhibit J. 

Mr. Bryant has declared that one skilled in the imaging and use of radionuclide imaging 
agents would have been enabled to make and use the claimed invention v^hen presented with the 
information provided in the specification, and the specification, with its numerous working 
examples, provides sufficient guidance to predictably identify the targeting ligands and EC- 
targeting ligand complexes without an undue amount of experimentation. See paragraphs 10-11 
of Exhibit J. Li support of his statements pertaining to enablement, he sets forth summaries of 
information pertaining to support provided in the specification and reference materials available 
at around the priority date of the instant invention that would support enablement. This 
information, that is detailed in his Declaration, is summarized as follows. 

a) Claims Pertaining to Anticancer Agents 

Mr. Bryant has declared that the entire specification provides a substantial amount of 
information regarding embodiments of the claimed invention wherein the tissue specific ligand is 
an anticancer agent, the conjugation chemistry of anticancer agents as targeting hgands, and 
information pertaining to the preparation of EC-anticancer agent derivatives. See paragraphs 12- 
14 of Exhibit J. For example, he indicates that exemplary anticancer agents are set forth in Table 
2 of the specification. See paragraph 12, Exhibit J. Exemplary radiolabeled ligands wherein the 
targeting ligand is an anticancer agent are also set forth in the specification, such as on page 6, 
line 30 through page 7, line 4, and Table 1, page 23. See paragraph 14 of Exhibit J. 

Furthermore, Mr. Bryant declares that around the time of the priority date, numerous 
anticancer agents were known and widely used in the treatment of cancer, and that the phrase 
"anticancer agent" would have been readily understood to refer to agents such as 
chemotherapeutic drugs that had been widely used by scientists and clinicians for many years. 
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See paragraph 15 of Exhibit J. Furthermore, the use of anticancer agents as targeting hgands was 
well-known at around the time the application was filed in the context of unrelated inventions, 
and he has identified numerous examples wherein anticancer agents were known to be used as 
targeting ligands. See paragraph 16 of Exhibit J. Furthermore, Mr. Bryant describes the state- 
of-the-art around the time of filing pertaining to use of anticancer agents as targeting ligands in 
conjugates for imaging. See paragraph 17, Exhibit J. For example, he has cited publications of 
the present inventors, including Zareneyrizi et al, 1999 (Exhibit 18 of Exhibit J), which 
describes the use of ^^""Tc-EC-colchicine for imaging studies, and Yang et al, 1999a (Exhibit 19 
of Exhibit J) which describes the synthesis of ^In-labeled DTPA-methotrexate for use in 
imaging. See paragraph 17 of Exhibit J. Thus, the state-of-the-art pertaining to anticancer 
agents and their use as targeting ligands was well-developed in the context of unrelated 
inventions. 

In view of the above, Mr. Bryant has concluded that one skilled in the synthesis and use 
of radiolabeled imaging agents would have understood, fi-om reading the specification, that an 
"anticancer agent" is a phrase used to refer to a member of a specific group of agents that can 
readily identified by in vitro and/or in vivo studies, that anticancer agents can be used as 
targeting ligands, and that the science related to this area was highly developed at around the 
priority date. See paragraph 18, Exhibit J. As a result, he declares that "one of ordinary skill in 
the synthesis and use of radionuclide imaging agents, upon reading the specification of the 
present application, would have been able to make and use the claimed radionuclide-labeled 
anticancer agents without an undue amount of experimentation." Paragraph 18, Exhibit J. 

b) Claims Pertaining to Tumor Markers 

Mr. Bryant has identified a substantial amount of information in the specification 
pertaining to claims that include a tumor marker as the tissue-specific ligand. See paragraph 19 
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of Exhibit J. Exemplary sections include page 5, lines 5-14 and page 5, line 22. See paragraph 
19 of Exhibit J. Furthermore, he has indicated that the specification provides substantial 
guidance regarding the synthesis of EC-tumor marker derivatives. See paragraph 20 of Exhibit J. 
For example, information regarding conjugation chemistry of ligands such as tumor markers can 
be found on page 22, line 18 through page 23, line 21. See paragraph 20 of Exhibit J. 
Furthermore, Mr. Bryant has indicated that around the time of the priority date of the referenced 
patent application, the state-of-the-art pertaining to tumor markers and their use as targeting 
ligands was well-established. See paragraph 21 of Exhibit J. Numerous examples of tumor 
markers are set forth in paragraph 21 of Exhibit J, and numerous examples of tumor markers 
used as targeting ligands are set forth in paragraph 22 of Exhibit J. Furthermore, he was aware 
of a publication of the inventors that described an imaging agent that included a tumor marker as 
a targeting Hgand. See paragraph 22 of Exhibit J, citing Kim et al, 2000 (Exhibit 30 of Exhibit 
J). Thus, in view of the information known to those of ordinary skill in the art, Mr. Bryant 
declares that "one of ordinary skill in the synthesis and use of radiolabeled imaging conjugates, 
upon reading the specification, would have been able to make and use the claimed radiolabeled 
conjugates without an undue amount of experimentation." Paragraph 22 of Exhibit J. 
Furthermore, one skilled in the synthesis and use of radionuclide imaging agents would have 
understood that a tumor marker refers to a member of a group of agents that can be readily 
identified by techniques commonly used by those of ordinary skill in the art. See paragraph 23 
of Exhibit J. 

c) Claims Pertaining to Folate Receptor Targeting Ligands 

Mr. Bryant has identified detailed information in the specification pertaining to folate 
receptor targeting ligands and the preparation of radiolabeled folate receptor targeting Ugands. 
See paragraph 24 of Exhibit J. Exemplary folate receptor targeting ligands are set forth on page 
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5, line 23 and page 6, lines 4-19. See paragraph 24 of Exhibit J. Mr. Bryant has also found that 
the specification provides substantial guidance pertaining to the preparation of EC-targeting 
Ugand derivatives, including, for example, page 7, lines 5-13 and page 20, lines 7-15. See 
paragraph 25 of Exhibit J. Furthermore, he has declared that around the priority date of the 
present patent application, there was a substantial amount of information pertaining to folate 
receptors and folate receptor targeting ligands that was known in the art in the context of 
unrelated inventions. See paragraph 26 of Exhibit J. In addition, folate analogs were used in 
various contexts as targeting ligands, and numerous such examples are disclosed in paragraph 27 
of Exhibit J. Regarding the development and use of radiolabeled agents for imaging, Mr. Bryant 
was aware that ^^""Tc-EC-folate had been described as a new tumor imaging agent in a 
pubhcation of the inventors. See paragraph 28 of Exhibit J, citing Ilgan et al, 1998 (Exhibit 40 
of Exhibit J). 

In view of the information known in the art at the time of the priority date of the instant 
invention, Mr. Bryant has declared that one of ordinary skill in the art would have been able to 
make and use the claimed radionuclide-labeled folate receptor targeting ligand conjugates 
without an undue amount of experimentation, and that the skill in the art as to folate receptor 
targeting was very high at the time of the priority date. See paragraphs 28 and 29 of Exhibit J. 
Furthermore, he notes that one of ordinary skill in the synthesis and use of radionuclide imaging 
agents would have understood that a "folate receptor targeting agent" refers to a member of a 
group of agents that can be readily identified using techniques well-known to those of ordinary 
skill in the art. See paragraph 29 of Exhibit J. 

d) Claims Pertaining to Tumor Apoptotic Cell Targeting Ligands 

Mr. Bryant has reviewed the specification, and has found that it provides substantial 
guidance regarding aspects of the invention that pertain to radiolabeled conjugates wherein the 
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targeting ligand is a tumor apoptotic cell targeting ligand. See Paragraph 30 of Exhibit J. This 
support includes exemplary tumor apoptotic targeting ligands, information pertaining to the 
conjugation chemistry of tumor apoptotic targeting ligands, information pertaining to the 
imaging of tumor apoptotic cells, and a working example pertaining to a radiolabeled conjugate 
that includes annexin-V, and guidance pertaining to the preparation of EC-targeting ligand 
conjugates and radiolabeling of EC-targeting Ugand derivatives. See paragraphs 30 and 31 of 
Exhibit J. 

hi addition, Mr. Bryant has indicated that around the time of the priority date of the 
present application, it was well-estabHshed that apoptosis plays a critical role in the 
pathophysiology of cancer, and that markers of apoptosis had been identified and were the 
subject of active investigation in the context of unrelated inventions. See paragraphs 32 and 33 
of Exhibit J. Tumor apoptotic cell targeting ligands, exempUfied by annexin V, would have been 
known to refer to a very limited number of specific compounds which are capable of detecting 
the death of tumor cells. See paragraph 34 of Exhibit J. The state-of-the-art related to apoptotic 
cell targeting ligands was well-estabUshed. See paragraph 34 of Exhibit J. 

Therefore, in view of the above, Dr. Bryant declares that "one of ordinary skill in the 
synthesis and use of radionuclide imaging agents, upon reading the specification, would have 
been able to make and use the claimed radionuclide-labeled apoptotic cell targeting ligand 
conjugates without an undue amount of experimentation." Paragraph 35 of Exhibit J. 
Furthermore, "one of ordinary skill in the synthesis and use of radionuclide imaging agents 
would have understood that an 'apoptotic cell targeting ligand' refers to a member of a specific 
group of agents that can be readily identified" using techniques well-known to those of ordinary 
skill in the art. Paragraph 35 of Exhibit J. 
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e) Claims Pertaining to Tumor Hypoxia Targeting Ligands 

Upon review of the specification, Mr. Bryant has found that there is substantial support in 
the specification for methods of the invention that involve tumor hypoxia targeting ligands and 
conjugates involving tumor hypoxia targeting ligands. See paragraph 36 of Exhibit J. This 
information includes exemplary tumor hypoxia targeting ligands, information pertaining to the 
conjugation chemistry of such targeting ligands, and information pertaining to the preparation of 
EC-tumor hypoxia targeting ligand conjugates, including a working example pertaining to the 
synthesis and stability of ^^'"Tc-EC-metronidazole. See paragraph 36 of Exhibit J. 

Mr. Bryant has declared that around the time of filing of the present patent application, 
there was substantial information available regarding tumor hypoxia targeting hgands. See 
paragraph 38 of Exhibit J. Exemplary tumor hypoxia targeting hgands, including use of one 
such targeting ligand in imaging, are set forth in paragraph 38 of Exhibit J. Dr. Bryant also 
indicates that Yang et al (Exhibit 57 of Exhibit J, a publication of the inventors), had developed 
a ^^"^Tc-labeled metronidazole using EC as a chelator and determined that it was feasible to use 
this agent to image tumor hypoxia. See paragraph 39 of Exhibit J. 

Therefore, Dr. Bryant has declared that "[o]ne of ordinary skill in the synthesis and use of 
radionuclide imaging agents, upon reading the specification, would have been able to make and 
use the claimed radionuclide-labeled tumor hypoxia targeting ligand conjugates without an 
undue amount of experimentation." Paragraph 40 of Exhibit J. Furthermore, "[o]ne of ordinary 
skill in the synthesis and use of radionuclide imaging agents would have understood that a 
'tumor hypoxia targeting ligand' refers to a member of a specific group of agents that can be 
readily identified, and that the claims of the invention particularly point out and distinctly claim 
the subject matter that is the invention." Paragraph 40 of Exhibit J. 
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f) Claims Pertaining to Agents that Mimic Glucose 
Mr. Bryant has reviewed the specification, and has found that aspects of the present 
invention that include agents that mimic glucose as the tissue specific ligand are discussed 
throughout the specification. See paragraph 41 of Exhibit J. For example, the specification 
includes information pertaining to exemplary agents that mimic glucose, information pertaining 
to the conjugation chemistry of targeting ligands that can be applied to agents that mimic 
glucose, information pertaining to tumor glycolysis targeting, and two working examples 
pertaining to the synthesis of ^^""Tc-EC-neomycin and ^^"^Tc-EC-deoxyglucose and their 
evaluation as imaging agents. See paragraph 41 of Exhibit J. The specification has also been 
found to provide substantial guidance pertaining to the preparation of EC-targeting ligand 
conjugates that can be applied to conjugates of EC with agents that mimic glucose, as well as 
information pertaining to the radionuclide labeling of these conjugates. See paragraph 42 of 
Exhibit J. 

Mr. Bryant also notes that the phrase "an agent that mimics glucose" would have been 
understood to refer to specific compounds which target glucose metabolism, and that a 
substantial amount of information pertaining to such compounds was available around the 
priority date of the present patent application in the context of unrelated inventions. See 
paragraph 42 of Exhibit J. Exemplary agents that mimic glucose are set forth in paragraphs 43 
and 44 of Exhibit J, and include [14C]deoxyglucose and ^^F-FDG. Certain of these agents, such 
as FDG, had been widely used in nuclear medicine for cancer diagnosis. See paragraph 44 of 
Exhibit J. Aminoglycosides were known as agents that mimic glucose, and their use as ligands 
was well known. See paragraph 45 of Exhibit J. 

hi view of the above, Mr. Bryant has concluded that "a person of ordinary skill in the 
synthesis and use of radionuclide imaging agents, upon reading the specification, would have 
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been able to make and use the claimed radionuclide-labeled conjugates incorporating agents that 
mimic glucose without an undue amount of experimentation." Paragraph 46 of Exhibit J. 
Furthermore, "one of ordinary skill in the synthesis and use of radionuclide imaging agents 
would have understood that an 'agent that mimics glucose' refers to a member of a specific 
group of agents that can be readily identified." 

g) Conclusion 

Mr. Bryant has declared that in view of the above, "claims 2-4, 6, 8-10, 15, 23, 30, 31, 
33-35, and 37-41 of the above referenced patent appUcation contains subject matter which was 
described in the specification of the above-referenced patent application in such a way as to 
enable one of ordinary skill in the synthesis and use of radionuclide imaging agents to make and 
use the invention." Paragraph 47 of Exhibit J. Furthermore, Mr. Bryant has declared that "[t]he 
description of the invention provided in the specification is sufficiently clear and concise such 
that one of ordinary skill in the synthesis and use of radionuclide imaging agents would be able 
to make the claimed agents and practice the claimed methods without an undue amount of 
experimentation." Paragraph 47 of Exhibit J. In addition, he has found that each of the groups 
set forth by the phrases "anticancer agent," "tumor marker," "folate receptor targeting Hgand," 
"tumor apoptotic cell targeting ligand," "tumor hypoxia targeting ligand," and "an agent that 
mimics glucose" are limited, and members of these groups "can be identified using techniques 
known to those of ordinary skill in the synthesis and use of radionuclide imaging agents." 
Paragraph 47 of Exhibit J. He also notes that "the art pertaining to the synthesis and use of EC- 
targeting ligand complexes was highly advanced at the time of filing of the application, and 
determining which types of targeting ligand complexes would bind EC and generate results 
would not have required an undue amount of experimentation." Paragraph 47 of Exhibit J. As a 
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result, he observes, there would be predictability in practicing the claimed invention, particularly 
in view of the guidance provided by the working examples. See paragraph 47 of Exhibit J. 
5. Conclusion 

In view of the argumentation and evidence set forth above, Appellants respectfully 
request that the Board reverse the enablement rejections under 35 U.S.C. §112, first paragraph. 

B. Rejection of Claims 2-4, 6, 8-10, 15, 23, 30, 31, 33-35, and 37-41 under 35 
U.S.C. §112, Second Paragraph 

i. Rejection of Claims 2-4, 6, 8, 10, 15, 23, 30, 31, 33-35, and 37-41 
Claims 2-4, 6, 8, 10, 15, 23, 30, 31, 33-35, and 37-41 have been rejected based on the 
premise that the phrases "anticancer agent," "tumor marker," "folate receptor targeting Ugand," 
"tumor apoptotic cell targeting ligand," "tumor hypoxia targeting ligand," and "an agent that 
mimics glucose" are "unlimited." Appellants respectfully traverse. 

The phrases "anticancer agent," "tumor marker," "folate receptor targeting ligand," 
"tumor apoptotic cell targeting ligand," "tumor hypoxia targeting ligand," and "an agent that 
mimics glucose" are terms used to refer to specific classes of targeting ligands. Each class of 
targeting ligand, when taken in light of the description provided in the specification, is readily 
discemable to one of ordinary skill in the art. 

a) Declaration of Jerry L. Bryant, M.S. 
Appellants refer to the preceding discussion pertaining to the Declaration of Mr. Jerry 
Bryant (Exhibit J), herein specifically incorporated into this section, related to abiUty of one of 
skill in the art to readily identify and/or obtain tissue specific ligands as described in the 
specification and in the art. As set forth in the Declaration, Mr. Bryant has an understanding of 
the nature of the present rejection pertaining to indefiniteness. See paragraph 6 of Exhibit J. He 
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has declared that "[t]he information provided in the specification would have permitted one 
skilled in the synthesis and use of radiolabeled imaging agents to understand that the phrases 
'anticancer agent,' 'tumor marker/ 'folate receptor targeting hgand,' 'tumor apoptotic cell 
targeting hgand,' 'tumor hypoxia targeting Ugand,' and 'an agent that mimics glucose' are 
generally accepted phrases that are used to refer to specific, defined classes of targeting ligands." 
Paragraph 10 of Exhibit J. In support of this conclusion, Mr. Bryant cites relevant sections of the 
specification and reference materials pertaining to unrelated inventions that were available at or 
around the time of the priority date. These sections of the specification and reference materials 
are discussed above in the response pertaining to the enablement rejections, and the discussion is 
herein specifically incorporated to apply to this section of the response. Additional detail is 
provided as follows. 

( 1 ) Claims Drawn to Anticancer Agents 

Regarding claims drawn to "anticancer agents" as targeting ligands for use in the present 
invention, Mr. Bryant, as set forth in the previous section, has cited relevant sections of the 
specification that disclose substantial information pertaining to anticancer agents, including 
numerous exemplary agents, such as those set forth in Table 2 of the specification. See 
paragraphs 12-14 of Exhibit J. He has also cited relevant reference material firom unrelated 
inventions that was available at around the time of the priority date, including information 
pertaining to numerous anticancer agents that were known in the art, and their use as targeting 
ligands in unrelated inventions. See paragraphs 15-17 of Exhibit J. In view of this information, 
Mr. Bryant has declared that "[t]he phrase 'anticancer agent' [in the specification] would have 
been understood [by one of ordinary skill in the synthesis and use of radiolabeled imaging 
agents] to refer to agents such as chemotherapeutic drugs such as methotrexate, paclitaxel or 
tamoxifen, which had been widely used by scientists and clinicians for many years." Paragraph 
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15 of Exhibit J. Consequently, the claims of the invention "particularly point out and distinctly 
claim the subject matter that is the invention." Paragraph 18 of Exhibit J. 

(2) Claims Drawn to Tumor Markers 

Regarding claims drawn to "tumor markers," Mr. Bryant, as set forth above, has 
identified substantial support in the specification pertaining to "tumor markers" as the tissue 
specific ligand for use in the present invention. Paragraphs 19-20 of Exhibit J. He has also, as 
set forth above, identified a substantial amount of reference material pertaining to tumor markers 
and their use as targeting ligands from around the time of the priority date of the above- 
referenced patent application in the context of unrelated inventions. Paragraph 21 of Exhibit J. 
Numerous tumor markers were known to exist in the art at around the time of the priority date 
(see paragraph 21 of Exhibit J), tumor markers were known to be used as targeting ligands in the 
context of unrelated inventions (see paragraph 22 of Exhibit J). In view of this information, Mr. 
Bryant has declared that "[o]ne of ordinary skill in the synthesis and use of radionuclide imaging 
agents would have understood that a 'tumor marker' refers to a member of a group of agents that 
can be readily identified by techniques such as Northern blot analysis, Western Blot analysis, and 
immunohistochemistry, and that the claims of the invention particularly point out and distinctly 
claim the subject matter that is the invention." See paragraph 23 of Exhibit J. 

(3) Claims Pertaining to Folate Receptor Targeting Ligands 
Mr. Bryant, as previously detailed, has identified substantial support in the specification 

pertaining to folate receptor targeting ligands and the preparation of radiolabeled folate receptor 
targeting ligands. See paragraphs 24-25 of Exhibit J. This support includes exemplary folate 
receptor targeting ligands, as set forth on page 5, line 23 through page 7, line 1 of the 
specification. See paragraph 24 of Exhibit J. 
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Furthermore, as discussed above, Mr. Bryant has set forth in his Declaration a summary 
pertaining of the state-of-the-art regarding folate receptor targeting ligands that was known on or 
about the time of the priority date of the present patent application in the context of unrelated 
inventions. See paragraph 27 of Exhibit J. Exemplary folate receptor targeting ligands that were 
known in the art at or around the priority date of the referenced patent application included folic 
acid, folinic acid, pteropolyglutamic acid, and folate receptor-binding pteridines such as 
tetrahydropterins, dihydrofolates, tetrahydrofolates, and their deaza and dideaza analogs. 
Paragraph 27 of Exhibit J, citing column 7, lines 28-34 of U.S. Patent 5,108,921 (Exhibit 35 of 
Exhibit J). Furthermore, folate had been used as a targeting ligand in a new tumor imaging 
agent. See paragraph 28 of Exhibit J. The information available pertaining to folate receptor 
targeting ligands demonstrates that "skill in the art was very high" in the context of unrelated 
inventions. Paragraph 28 of Exhibit J. 

Mr. Bryant has declared that "[i]n view of the disclosure in the specification, one of 

ordinary skill in the synthesis and use of radionuclide imaging agents would have understood 

that a 'folate receptor targeting ligand' refers to a member of a group of agents that can be 

readily identified, and that the claims of the invention particularly point out and distinctly claim 

the subject matter that is the invention." Paragraph 29 of Exhibit J. 

(4) Claims Pertaining to Tumor Apoptotic Cell Targeting 
Ligands 

As set forth above, Mr. Bryant has reviewed the instant specification, and has identified 
substantial guidance regarding aspects of the present invention that include a tumor apoptotic 
cell targeting Ugand. See paragraph 30 of Exhibit J. For example, examples of tumor apoptotic 
cell targeting ligands can be found on page 5, Unes 24-25, and a detailed discuss regarding the 
imaging of tumor apoptotic cells that includes exemplary tumor apoptotic cell targeting ligands 
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such as annexin V can be found on page 28, lines 14-20 and page 29, lines 19-23. Furthermore, 
Example 4 of the specification pertains to the synthesis, biodistribution, and imaging studies of a 
radiolabeled conjugate that includes annexin V. See paragraph 30 of Exhibit J. 

hi addition, as set forth above, the state-of-the-art pertaining to tumor apoptotic cell 
targeting ligands in the context of unrelated inventions was well-established, and markers for 
apoptotis were actively under investigation. See paragraphs 32-33 of Exhibit J. Mr. Bryant 
declares that in view of the state-of-the-art, "[t]he phrase 'tumor apoptotic cell targeting ligand' 
would have been and should be well understood to refer to a very limited number of specific 
compounds which are capable of detecting the death of tumor cells." Paragraph 34 of Exhibit J. 
Exemplary tumor apoptotic cell targeting ligands were known in the art, such as PK11195 and 
annexin V. See paragraph 34 of Exhibit J. 

Based on the state-of-the-art at or around the time of the priority date, "one of ordinary 
skill in the synthesis and use of radionuclide imaging agents would have understood that an 
'apoptotic cell targeting ligand' refers to a member of a specific group of agents that can be 
readily identified using techniques such as those set forth above, and that the claims of the 
invention particularly point out and distinctly claim the subject matter that is the invention." 
Paragraph 35 of Exhibit J. 

(5) Claims Pertaining to Tumor Hypoxia Targeting Ligands 
As discussed in the response set forth above pertaining to enablement, Mr. Bryant has 
identified in-depth information in the specification pertaining to tumor hypoxia targeting ligands, 
and conjugates that include these types of targeting hgands. See Paragraph 36 of Exhibit J. As 
set forth in his Declaration, Mr. Bryant has identified exemplary tumor hypoxia targeting ligands 
in the specification, such as those set forth on page 5, lines 24-25 of the specification. See 
paragraph 36 of Exhibit J. In addition, the specification includes a detailed discussion pertaining 
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to the assessment of tumor hypoxia by imaging, infomiation pertaining to the imaging of 
hypoxia due to stroke using ^^""Tc-EC-metronidazole, and information regarding the preparation 
of EC-tumor hypoxia targeting hgand conjugates. See paragraphs 36 and 37 of Exhibit J. 

Furthermore, as set forth above, the state-of-the-art pertaining to tumor hypoxia targeting 
Ugands was well-estabUshed in the context of unrelated inventions. See paragraph 38 of Exhibit 
J. A number of hypoxia-selective antitumor agents had been identified, such as 
bis(nitroimidazolyl)alkanecarboxamides, adrenomeduUin, and fluorine- 18-fluoromisonidazole. 
See paragraph 28 of Exhibit J. Furthermore, Yang et a/., 1999b (Exhibit 57 of Exhibit J, a 
publication of the inventors) had developed a ^^""Tc-labeled metronidazole using EC as a 
chelator, and determined that it v^as feasible to use this agent to image tumor hypoxia. See 
paragraph 39 of Exhibit J. Thus, the "use of tumor markers as targeting ligands was well- 
estabhshed, and the level of expertise of those in this field was high." Paragraph 39 of Exhibit J. 

Li view of the state-of-the-art pertaining to tumor hypoxia targeting Ugands, upon reading 
the specification, "[o]ne of ordinary skill in the synthesis and use of radionuclide imaging agents 
would have understood that a 'tumor hypoxia targeting ligand' refers to a member of a specific 
group of agents that can be readily identified, and that the claims of the invention particularly 
point out and distinctly claim the subject matter that is the invention." Paragraph 40 of Exhibit J. 

(6) Claims Pertaining to Agents that Mimic Glucose 

As set forth previously, Mr. Bryant has reviewed the specification and has identified 
information pertaining to agents that mimic glucose and their use as targeting ligands throughout 
the specification. For example, exemplary agents that mimic glucose can be found on page 5, 
line 29 through page 6, line 3. See paragraph 41 of Exhibit J. The specification also includes 
detailed information pertaining to the conjugation chemistry of these targeting ligands, a 
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discussion regarding tumor glycolysis targeting, and working examples pertaining to ""Tc-EC- 
neomycin and ^^""Tc-EC-deoxyglucose. See paragraphs 41-42 of Exhibit J. 

Furthermore, as set forth above, Mr. Bryant has reviewed the state-of-the-art pertaining to 
agents that mimic glucose on or about the priority date of the referenced patent application in the 
context of other inventions, and has determined that the state-of-the-art in this area was well- 
established. See paragraph 43 of Exhibit J. Agents that mimic glucose were established agents 
in the diagnosis and treatment of cancer. See paragraph 43 of Exhibit J. Exemplary agents that 

1 s 

mimic glucose that were known in the art included [14C]deoxyglucose, F-FDG, glucose-6- 
phosphate, 2-deoxyglucose-6-phosphate, glucosamine-6-phosphate, N-acetylglucosamine-6- 
phosphate, and aminoglycosides. See paragraph 44 of Exhibit J. 

Therefore, a person of ordinary skill in the synthesis and use of radionuclide imaging 
agents, upon reading the specification, would have understood that 'an agent that mimics 
glucose' refers to a member of a specific group of agents that can be readily identified, and that 
the claims of the invention particularly point out and distinctly claim the subject matter that is the 
invention." Paragraph 46 of Exhibit J. 

(7) Conclusion 

Based on his review of the specification and in view of the reference material available at 
or around the priority date of the patent application pertaining to the phrases "anticancer agent," 
"tumor marker," "folate receptor targeting ligand," "tumor apoptotic cell targeting ligand," 
"tumor hypoxia targeting ligand," and "an agent that mimics glucose," Mr. Bryant declares that 
"the present claims particularly point out and distinctly claim the subject matter that the 
inventors believe is the invention." Paragraph 48 of Exhibit J. He further declares that "the 
phrases 'anticancer agent,' 'tumor marker,' 'folate receptor targeting ligand,' 'tumor apoptotic 
cell targeting ligand,' 'tumor hypoxia targeting Ugand,' and 'an agent that mimics glucocose' are 
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not confusing, nor are they unlimited in their scope," and that "someone skilled in the art would 
not and should not be confused by what these phrases mean." Paragraph 48 of Exhibit J. He 
further declares that "these phrases are definite because they refer to specific classes of targeting 
ligands whose members can be identified using techniques well-known to those who have an 
understanding of the synthesis and use of radionuclide imaging agents." Paragraph 48 of Exhibit 
J. 

b) Breadth of a Claim is not to be Equated with Indefiniteness 

By indicating that the phrases "anticancer agent," "tumor marker," "folate receptor 
targeting ligand," "tumor apoptotic cell targeting ligand," "tumor hypoxia targeting ligand," and 
"an agent that mimics glucose" are unlimited, the Examiner appears to be equating breadth of the 
claim to indefiniteness. However, "[b]readth of a claim is not to be equated with indefiniteness." 
MPEP §2173.04, citing In re Miller, 441 F.2d 689, 169 USPQ 597 (CCPA 1971). If the scope of 
the subject matter embraced by the claims is clear, and if Applicants have not otherwise 
indicated that they intend the invention to be of a scope different fi-om that defined in the claims, 
then the claims comply with 35 U.S.C. §112, second paragraph. As per the above argumentation 
and evidence, Appellants have demonstrated that the scope of the subject matter embraced by the 
claims is sufficiently clear such that the claims particularly point out and distinctly claim the 
subject matter that is the invention. As discussed above, the phrases at issue in this rejection 
pertain to different classes of targeting ligands that can be identified using techniques that were 
generally available to those of ordinary skill in the synthesis and use of radionuclide imaging 
agents, and thus are not unlimited in scope. 
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c) Conclusion 

Definiteness of claim language must be analyzed, not only based on the content of the 
particular application disclosure and teachings of the prior art, but also on "[t]he claims 
interpretation that would be given by one possessing the ordinary level of skill in the pertinent art 
at the time the invention was made." MPEP §2173.02. Based on the Declaration of Jerry L. 
Bryant, M.S. set forth herein, the phrases "anticancer agent," "tumor marker," "folate receptor 
targeting ligand," "tumor apoptotic cell targeting Ugand," "tumor hypoxia targeting hgand," and 
"an agent that mimics glucose" are clear, and set forth defined subsets of tissue-specific Ugands. 
Further, Appellants have not otherwise indicated that they intend the invention to be of a scope 
different from that defined in the claims. 

hi view of the argumentation and evidence set forth above. Appellants respectfiiUy 
request that the Board reverse the rejection of claims under 35 U.S.C. §112, second paragraph. 
2. Rejection of Claim 32 

According to the Examiner, the term "octreotide" renders claim 32 indefinite because 
octreotide can be both an anti-cancer agent and a peptide. Appellants respectfully traverse. 

Appellants find this line of argumentation to make no sense. The following examples 
put this into perspective: 

Consider the term "knife" in a claim (e.g., A device suitable for sUcing food, comprising 
a knife, . . .). A "knife" can belong to more than one subgenus. For example, a "knife" can be 
defined by its composition. For example, the knife can be "a metal object." Alternatively, a 
knife can be defined by its ftmction. For example, the knife might be "a device suitable for 
cutting steak." According to the Examiner's argument, use of the term "knife" in the claim 
renders the claim ambiguous because a knife can be defined both as "a metal object" and "a 
device suitable for cutting steak." 
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Here is a second example. Consider a particular "antibody." The antibody is a protein. 
The antibody might also be "an agent capable of modulating an immune response." Consider a 
claim "A method of treating disease X comprising administering an antibody,' wherein the 
antibody comprising SEQ ID NO:Y." According to the Examiner's standard, use of the term 
"antibody" in this claim would render it indefinite because "antibody" can have more than one 
meaning - for example, it can be both a protein and an agent that modulates an immune 
response. Appellants find this line of argumentation nonsensical. 

Whether any claim term, such as "octreotide," can be defined as belonging to more than 
one subgenus is not dispositive on the issue of whether the term renders a claim indefinite under 
the standard of 35 U.S.C. §112, second paragraph. The Examiner has cited no support for her 
assertion. Regarding indefiniteness, the standard to be considered by the Examiner is whether 
the claim apprises one of ordinary skill in the art of its scope and, therefore, serves the notice 
fimction required by 35 U.S.C. §112, second paragraph. See, e.g., Solomon v. Kimberly-Clark 
Corp., 216 F.3d 1372, 1379, 55 USPQ2d 1279, 1283 (Fed. Cir. 2000). 

The Examiner has presented no information to suggest that one of ordinary skill in the art 
would not sufficient apprise one of ordinary skill in the art of the scope of the claimed subject 
matter. 

In contrast. Appellants have established that octreotide is a well-known anti-cancer agent 
(see product description, attached as Exhibit K). Appellants have also set forth that octreotide is 
addressed in the instant specification. Table 2 of the specification (page 34, line 22 through page 
42, line 2) is entitled "DRUGS OF CHOICE FOR CANCER CHEMOTHERAPY." 
"Octreotide" is specifically listed in Table 2 as an anticancer agent. Specification, page 36. In 
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addition, page 6, lines 14-17 sets forth octreotide as an example of a tissue-specific ligand that 
can be conjugated to a linker. 

Contrary to the Examiner's assertion, it is of no consequence whether or not "octreotide" 
is considered a peptide. Appellants are not required to set forth on the record whether they 
consider "octreotide" to be "peptide" or an "anticancer agent" for purposes of overcoming this 
rejection. What is of consequence is that Appellants have clearly established on the record that 
octreotide is a well-known anti-cancer agent, and that their specification contemplates octreotide 
as a tissue-specific ligand. This information is more than sufficient to apprise one of ordinary 
skill in the art of the scope of claim 32, and the term "octreotide." 

The Examiner states that art was previously cited against peptides. Appellants are 
unaware to what the Examiner refers. However, the relevancy of this assertion to the present 
§112, second paragraph, rejection is unclear. There is no question that the term "octreotide" is 
sufficiently clear and unambiguous. 

In view of the argumentation and evidence set forth above. Appellants respectfiiUy 
request that the Board reverse the rejection of claims under 35 U.S.C. §112, second paragraph. 

VIII. CONCLUSION 

Appellants have provided arguments that overcome the pending rejections. Appellants 
respectfully submit that the Office Action's conclusions that the claims should be rejected are 
unwarranted. It is therefore requested that the Board overturn the Action's rejections. 
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APPENDIX 1 
CLAIMS APPENDIX 

2. (Previously presented) The method of claim 33, wherein said tissue specific ligand is 
conjugated to said ethylenedicysteine on both acid arms of the ethylenedicysteine. 

3. (Previously Presented) The method of claim 33, wherein said radionucUde is ^^""Tc, 
^^^Re, ^^^Re, ^^^Sm, ^^^Ho, ^^Y, ''Ga, ^^Ga, V, ^^^Gd, ^^Fe, ^^^Ac, ^^^Bi, ^^^At, ''Cu or 
^^Cu. 

4. (Previously Presented) The method of claim 3, wherein said radionuclide is ^^'"Tc. 

6. (Previously Presented) The method of claim 33, wherein said tissue specific ligand is an 
anticancer agent. 

8. (Previously Presented) The method of claim 33, wherein said tissue specific ligand is a 
tumor marker. 

9. (Previously presented) The method of claim 8, wherein said tumor marker is PSA, ER, 
PR, CA-125, CA-199, CEA AFP, interferons, BRCAl, HER-2/neu, Cytoxan, p53, endostatin, a 
monoclonal antibody or an antisense tumor marker. 

10. (Previously Presented) The method of claim 33, wherein the tissue specific Ugand is a 
folate receptor targeting ligand. 

15. (Previously Presented) The method of claim 33, wherein the tissue specific Ugand is a 
tumor apoptotic cell targeting ligand or a tumor hypoxia targeting ligand. 

23. (Previously Presented ) The method of claim 33, wherein the tissue specific ligand is an 
agent that mimics glucose. 
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30. (Previously Presented) The method of claim 2, further comprising a linker conjugating 
EC to said tissue specific ligand. 

3 1 . (Previously Presented) The method of claim 30, wherein the linker is a water soluble 
peptide, glutamic acid, aspartic acid, bromo ethylacetate, ethylene diamine or lysine. 

32. (Previously presented) The method of claim 31, wherein the tissue specific ligand is 
topotecan, paclitaxel, raloxifen, etoposide, doxorubricin, mitomycin C, endostatin, annexin V, 
LHRH, octreotide, methotrexate or folic acid. 

33. (Previously Presented) A method of synthesizing a radiolabeled ethylenedicysteine 
derivative for imaging comprising the steps: 

a) obtaining a tissue specific Ugand, wherein the tissue specific ligand is an 
anticancer agent, a tumor marker, a folate receptor targeting ligand, a tumor 
apoptotic cell targeting ligand, a tumor hypoxia targeting ligand, glutamate 
pentapeptide, or an agent that mimics glucose; 

b) admixing said ligand with ethylenedicysteine (EC) to obtain an EC-tissue specific 
ligand derivative; and 

c) admixing said EC-tissue specific ligand derivative with a radionuclide and a 
reducing agent to obtain a radionuclide labeled EC-tissue specific ligand 
derivative, wherein the EC forms an N2S2 chelate with the radionuclide. 

34. (Previously Presented) The method of claim 33, wherein said reducing agent is a 
dithionite ion, a stannous ion or a ferrous ion. 

35. (Previously presented) A method for labeling a tissue specific ligand for imaging, 
comprising the steps: 



a) obtaining a tissue specific ligand, wherein the tissue specific ligand is an 
anticancer agent, a tumor marker, a folate receptor targeting Ugand, a tumor 
apoptotic cell targeting Ugand, a tumor hypoxia targeting Ugand, glutamate 
pentapeptide, or an agent that mimics glucose; 

b) admixing the tissue specific Ugand with ethylenedicysteine (EC) to obtain an EC- 
Ugand conjugate; and 

c) reacting the conjugate with ^^'"Tc in the presence of a reducing agent to form an 
N2S2 chelate between the ethylenedicysteine (with or without linker) and the 



37. (Previously Presented) The method of claim 35, wherein the reducing agent is a dithionite 
ion, a stannous ion or a ferrous ion. 

38. (Previously Presented) A method of imaging a site within a mammaUan body comprising 
the steps of administering an effective diagnostic amount of a composition comprising a 99mTc 
labeled ethylenedicysteine-tissue specific ligand conjugate and detecting a radioactive signal 
from the ^^""Tc localized at the site, wherein the tissue specific ligand is an anticancer agent, a 
tumor marker, a folate receptor targeting Ugand, a tumor apoptotic cell targeting ligand, a tumor 
hypoxia targeting ligand, glutamate pentapeptide, or an agent that mimics glucose. 

39. (Original) The method of claim 38, wherein the site is a tumor. 

40. (Original) The method of claim 38, wherein the site is an infection. 

41 . (Original) The method of claim 38, wherein the site is breast cancer, ovarian cancer, 
prostate cancer, endometrium, heart, lung, brain, liver, folate (+) cancer, ER (+) cancer, spleen, 
pancreas, or intestine. 
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ABSTKACT 

We synthesized a novel anticancer agent MS-247 (2-l[yV-|l-methy!-2-(5- 
liV-[4-IiV,A-bis(2-chIoroethyl) aminol phenylH carbamoyll-l/Z-benzimida- 
zol-2-ylI pyrroM-yl] carbamoyl] ethyjdimcthylsulfonium di-p-tolucnesul- 
fonate) that has a netropsin-like moiety and an alkylating residue in the 
structure. We evaluated antitumor activitj* of MS-247 using a human 
cancer cell line panel coupled with a drug sensitivity database and sub- 
sequently using human cancer xenografts. The average MS-247 concen- 
tration required for 50% growth inhibition against a panel of 39 cell lines 
was 0.71 fJiM. The COMPARE analysis revealed that the differential 
growth inhibition pattern of MS-247 significantly correlated with those of 
camptothecin analogues and anthracyclins, indicating that MS-247 and 
the two drug groups might have similar modes of action. MS-247 exhibited 
remarkable antitumor activity against various xenografts- A single i.v. 
injection of MS-247 signiflcantly inhibited the growth of all 17 xenografts 
tested, which included lung, colon, stomach, breast, and ovarian cancers. 
In many cases, MS-247 was more efficacious than cisplatin, Adriamycin, 
5-fluorouraciJ, cyclophosphamide, VP- 16, and vincristine and was almost 
comparable with paclitaxel and CPT-ll; these are the most clinically 
promising drugs at present. MS-247 was noticeably more effective than 
paclitaxel (in HCT-i5) and CPT-U (in A549, HBC-4, and SK-OV-3). The 
toxicity of MS-247, indicated by body weight loss, was reversible within 10 
days after administration. The MS-247 mode of action showed DNA 
binding activity at the site where Hoechst 33342 bound, inhibited topoi- 
somerases I and 11 (as expected by the COMPARE analysis) blocked the 
cell cycle at the G^-M phase, and induced apoptosis. These results indicate 
that MS-247 is a promising new anticancer drug candidate to be devel- 
oped further toward clinical trials. 

INTRODUCTION 

DNA minor groove binders are an attractive source of novel anti- 
tumor agents. As a whole, they induce a huge range of mutations from 
simple base sequence changes to deletions and ploidy changes (re- 
viewed in Ref. 1). The recent increased interest in this group of 
compounds stems from their ability to interact in a sequence-selective 
fashion at quite long DNA binding sites, suggesting the possibility of 
targeting specific DNA sequences within the genome (2-6). Several 
DNA minor groove binders proved to have potent antitumor activity 
in preclinical studies and are now under clinical phase studies. They 
include duocarmycin derivatives adozelesin (7-9), carzelesin (10, 1 1), 
bizelesin (12, 13) and KW-2189 (14), and a distamycin A-derivative 
tallimustine (15). However, their clinical efficacies have not been 
established yet (16-19). 
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We attempted to develop a new DNA minor groove binder that has 
the more promising antitumor activity. We synthesized compounds 
that have two moieties in the structure. One is a netropsin-like moiety 
(Fig. 1) to acquire DNA minor groove binding activity, and another is 
an A/^.V-bis(2-chloroethyl) amino residue for DNA alkylation. Netrop- 
sin is one of the polypyrrolecarboxamides, like distamycin A, and 
binds to DNA minor grooves at the A-T-rich region (20). After 
screening a number of synthetic compounds, we selected MS-247^ 
(Fig. 1). It had shown significant cytotoxicity in several murine tumor 
cell lines and strong in vivo antitumor activity against murine tumor 
models in our preliminary study. 

The present study was designed to evaluate the antitumor activity of 
MS-247 against various human cancers in vitro and in vivo and to 
elucidate its mode of action. We report here that MS-247 indicated 
potent antitumor activity against all 17 human xenografts tested, and 
that MS-247 bound to the DNA minor groove, inhibited topoisomer- 
ases 1 and II, blocked the cell cycle at G2-M phase, and induced 
apoptosis. 

MATERIALS AND METHODS 

Chemicals. MS-247 was synthesized in the Life Sciences Laboratory Mit- 
sui Chemicals, Inc. (Chiba, Japan). MS-247 was dissolved in A',V-dimethyI- 
fomiamide (Tokyo Kasei Kogyo, Tokyo, Japan) before use. CPT-II was 
kindly supplied by Yakult Honsha CTokvo, Japan). Otlier anticancer drugs and 
chemicals were purchased as follows: ADM and 5-FU, Kyowa Hakko Kogyo 
(Tokyo, Japan); cisplatin and VP- 1 6, Nippon Kayaku (Tokyo, Japan); CPM, 
Shionogi Phamiaceuticals (Osaka, Japan); VCR, Eli Lilly Japan (Kobe, Japan): 
paclitaxel, camptothecin, calf thymus DNA, RNase A, and propidiiun iodide, 
Sigma (St Louis, MO.); Hoechst 33342, Molecular Probes (Eugene. OR); 
Proteinase K, Boehringer Mannheim (Mannheim, Gemiany); and <f»XI74/ 
Haelll, Toyobo (Tokyo, Japan). 

Cell Lines. Human breast cancer MDA-MB-23 1 and leukemia HL-60 were 
purchased from American Type Culture Collection (Rockville, MD). Murine 
leukemia L1210. P388, and the following human cancer cell lines (21) were 
generously distributed by the National Cancer Institute (Frederick, MD): lung 
cancer, NCI-H23, NCI-H226. NCI-H522, NCI-H460, DMS273 and DMSl 14; 
colon cancer, HCC-2998, KM- 12, HT-29, WiDr, HCT-I5, and HCT-116; 
ovarian cancer, OVCAR-3, OVCAR-4, OVCAR-5, OVCAR-8. and SK-OV-3; 
breast cancer, MCF-7; renal cancer, RXF-631 L and ACHN; melanoma, 
LOX-IMVl; and brain tumor, U251. SF-295, SF-539. SF-268, SNB-75, and 
SNB-78. Human stomach cancer, MKN-1, MKN-7, MKN-28, MKN-45, 
MKN-74. and St-4, and human breast cancer BSY-I, HBC-4, and HBC-5 were 
described elsewhere (22, 23). The cells were cultured in RPMI 1640 supple- 
mented with 5% fetal bovine semm, penicillin (100 units/ml), and streptomy- 
cin (100 mg/ml) at 37X in humidified air containing 5% COj. 

A Human Cancer Cell Line Panel and the Database. To evaluate drugs 
for the cell growth inhibition profile, wc established a human cancer cell line 



^ The abbreviations used are: MS-247, 2-[[^'-[l-methyI-2-[5-(/^[4-[Af,;\/-bis<2-chIoro- 
ethyl) amino] phenyl]] carbamoyi]-l//-bcnzimida2oI-2-yI] pyrroI-4-yl] carbamoyl] ethyl - 
dinielhyl&ulfonium di-/?-toluenesuironalc; ADM, Adriamycin; 5-FU, 5-fluorouraciI; CPM, 
cyclophosphamide; VCR, \'incristine; VP- 1 6, etoposidc; GI50, concentration required for 
50% growth inhibition; PBS( - ), calcium- and magncsium-frcc PBS. 
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MS-247 

Fig. 1. Chemical structure of netropsin and MS-247. MS-247 has a netropsin-likc 
moiety and an alkylating residue in the structure. 

panel combined with a database. Tlic system as a whole was developed 
according to the method of the National Cancer Institute (24-26), with 
modification. The ceil line panel consisted of 38 human cancer cell lines, 
described above, and 1 murine leukemia (P388)- With this system, we have 
examined the antiproliferative effect of more than 200 standard compounds, 
including various anticancer drugs, and established a new database, as de- 
scribed below. 

Measurements of Cell Growth Inhibition and Data Analysis. The de- 
tails of measuring cell growth inhibition are described elsewhere (26, 27). 
Briefly, the cells were plated at proper density in 96-well plates in RPMI 1640 
with 5% fetal bovine serum and allowed to attach overnight. The cells were 
exposed to drugs for 48 h. Then, the cell growth was determined according to 
the sulforhodamine B assay, described by Skehan et al (28). Data calculations 
were made according to the method described previously (26). Absorbance for 
the control well (Q and the tests well (7) were measured at 525 nm. Moreover, 
at time 0 (addition of drugs), absorbance for the test well {T^ was also 
measured. Using these measurements, cell growth inhibition (percentage of 
growth) by each concentration of drug was calculated as: % 
growth = 100 X [(r - ro)/(C - To)], when T > To and % 
growlh = 1 00 X [(r - To)//], when T < Tq, By using the computer to process 
% growth values, the 50% growth inhibition parameter (GI50) was determined. 
The GI50 was calculated as 100 X [(T - T^y{C - To)] = 50. The mean graph, 
which shows the differential growth inhibition of the drug in the cell line panel, 
was drawn based on a calculation using a set of GI50 (24, 25). To analyze the 
correlation between the mean graphs of drug A and drug B, the COMPARE 
computer algorithm was developed according to the method described by Paull 
et al. (25). Peason correlation coefficients were calculated using the following 
formula: r = (2(Xi - xj{y, - yj)ia{x, - x^^l(y, - v J^)"^, where and 
y, are log GI5Q of drug A and drug B, respectively, against each cell line, and 
x„ and are the mean values of jc; and jj, respectively. 

Animals. Female nude mice with BALB/c genetic backgrounds were pur- 
chased from Charles River Japan, Inc. (Kanagawa, Japan). They were main- 
tained under specific pathogen-free conditions and provided with sterile food 
and water ad libitum. Seven -week-old mice weighing 16-22 g were used for 
this study. 

Drugs and Administration. Drug administration was done i.v. We se- 
lected an administration schedule of single shot for MS-247, according to the 
results in animal tumor models."* We first determined the maximum tolerable 
dose of MS-247 in the schedule, which was 30 mg/kg. To evaluate the 



^ Unpublished results. 



antitumor effect, MS-247 was given to tumor-bearing nude mice al doses of 
30, 25, and 21 mg/kg for lung cancer xenografts and at a dose of 25 mg/Tcg for 
other xenografts. The reference drugs chosen were CPT-II, paclitaxel, cispla- 
lin, ADM, 5-FU, CPM, VP-I6, and VCR. Each reference drug was given at (he 
maximum tolerable dose in the optimal schedule. 

Antitumor Activity against Xenografts. Six lung cancers (NC1-H23, 
NCI-H226, NCI-H460. A549, DMSl 14, and DMS273), four stomach cancers 
(MKN-1, MKN-7, MKN-74, and St-4), three colon cancers (HCC-2998, HCT- 
! 16, and HCT-15), two breast cancers (HBC-4 and MDA-MB-231), and two 
ovarian cancers (SK-OV-3 and OVCAR-8) were used to evaluate antitumor 
activity of MS-247. Tliey were grown as s.c. tumors in nude mice. Nude mice 
were inoculated s.c. with a 3 X 3 X 3-mm tumor fragment. When the tumor 
reached 100-300 mm^ in volume, animals were divided randomly into test 
groups consisting of six mice per group (day 0). Drugs were administered from 
day 0 according to the dose schedules indicated. The mice were weighed twice 
each week up to days 24-31 to monitor the toxic effects. The length (/.) and 
width {\V) of the tumor mass were measured twice a week up to days 24-31, 
and the tumor volume {TV) was calculated as: TV = {L X W^yi. The tumor 
volume at day n was expressed as relative tumor volume {RT\% according to 
the following formula: RTV = Tl^JTV^ where TV^ is the tumor volume at day 
n, and TV^ is the tumor volume at day 0. Tumor regression (T/C%) on day 14 
was determined by calculating /irf^ as: 7'/C% = 100 X (mean RTV of treated 
group)/(mean RTV of conU-ol group). Statistical evaluations of RTV were 
performed using the Mann-WTiitney U test. 

Measurement of Fluorescence of DNA-bound Hoechst 33342. In tlie cell 
free s>'stem, I ^g of calf thymus DNA and 0,8 fxg of Hoechst 33342 were 
mixed in 0.2 ml of PBS(-) and preincubated for 10 min at room temperature 
in a 96-well plate, then, MS-247 was added at final concentrations of 0.01-30 
/xg/ml. After another 10-min incubation, the fluorescence derived from the 
Hoechst 33342 bound to DNA was measured with a fluorometer (excitation 
wavelength, 355 nm; and emission wavelength, 460 nm). in the cellular 
system, LI210 cells (4 X 10^ cells in I ml of culture medium) were preincu- 
bated with Hoechst 33342 (4 ^Jtg/ml) at 37°C for 20 min. then, MS-247 was 
added at final concentrations of 0.01-100 /x&'ml. Afler another 20-min incu- 
bation, the cells were washed once with ice-cold PBS(-), resuspended in 
ice-cold PBS(-), and transferred into a 96-well plate. Fluorescence was 
measured as described above. 

Cell Cycle Analysis. Cell cycle analysis was performed using flow cytom- 
etry, as described previously (29). The L1210 cells were exposed to MS-247 
for 3-48 h. The cells were harvested, washed with ice-cold PBS(-). and fixed 
in 70% ethanol. The cells wci^e washed twice with ice-cold PBS(-) again, 
treated with RNase (0,25 fig/ml) at 37°C for 1 h, and stained with propidium 
iodide (50 ptg/ml). The DNA content of the cells was analyzed using an EPICS 
ELITE flow cytometer (Coulter, Hialeah, FL). 

Topoisomcrasc Activity Assays. Topoisomerase I enzyme activity was 
measured by DNA relaxation assay using the Topoisomerase 1 Drug Screening 
kit (TopoGEN, Columbus, 01^). Briefly, supercoiled DNA (0.25 ftg) was 
suspended in a standard reaction mixmre [10 mM Tris-HCI (pH 7.9), I mM 
EDTA. 150 mM NaCl, 0.1% BSA. 0.1 mM spemiidine, and 5% glycerol]. 
MS-247 was added to the mixture before the reaction was started by topoi- 
somerase I enzyme addition. After a 30-min incubation at 37°C, the reaction 
was stopped by adding 0.1 volume of 10% SDS. The DNA-bound protein 
(topoisomerase 1) was digested by proteinase K (41.7 /ig/ml) at 37°C for 30 
min. The proteinase K was removed by chloroform:isoamylalcohol (24:1, v/v) 
treatment. DNA samples were then analyzed by 1% agarose gel electrophore- 
sis, 

DNA Fragmentation .Assay. DNA fragmentation was analyzed by agarose 
gel electrophoresis. The HL-60 cells (5 X 10^) were treated with 0.2 or 2 /jlm 
MS-247 or 20 nM caraptothecin at 37°C for 20 h. The drug-treated cells were 
harvested and then suspended in TNE buffer [10 mM Tris-HCI (pH 7.6), 140 
mM NaCl, and 1 mM EDTA]. Subsequently, it was lysed by incubation at 37'*C 
for 30 min in the TNE buffer containing 0.2 mg/ml of RNase A, 0.2 mg/ml of 
Proteinase K, and 0.83% SDS. DNA extraction was performed as described 
previously (30), and extracted DNA was resuspended in TNE buffer, then 
treated with RNase A (0.2 mg/ml) at 37X for 30 min, after Proteinase K (0.2 
mg/ml) digestion at 37°C for 30 min. The purified DNA was resolved by 
electrophoresis in 2% agarose gels, stained with cthidium bromide, and visu- 
alized under UV light. 
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Fig. 2. Growth inhibition against a panel of 38 human cancer eel! 
lines. The mean graph was produced by computer processing of the 
GI50S as described in "Materials and Methods." The log GI50 for each 
cell line is indicated. Columns extending to the right, sensitivity to 
MS-247; columns extending to the left, resistance to MS-247. One 
scale represents one logarithm difference. MG-MID, the mean of log 
GI50 values for 39 cell lines. Delta, the logarithm of difference 
between the MG-MID and the log GI50 of the most sensitive cell line. 
Range, the logarithm of difference between the log G 1 50 of the most 
resistant cell line and the log GI50 niost sensitive one. 
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RESULTS previously (24, 25). The patterns in the mean graphs of drugs wth 

Growth Inhibition against a Panel of 38 Human Cancer Cell common modes of action resembled one another. 

Lines, We have established a new human cancer cell line panel ^^^"6 human cancer cell line panel, we investigated the cell 

coupled with a drug sensitivity database, which is similar to the one growth inhibition profile of MS-247. Fig. 2 shows the mean graph of 

developed by the National Cancer Institute (24-26). This panel con- MS-247 based on the growth inhibition parameter of GI50- MS-247 

sists of 38 human cancer cell lines and murine leukemia P388, Thus showed differential growth inhibition, and it seemed to be more 

far, we have used this panel to evaluate more than 200 standard effective against lung cancer cell lines. The mean log GT50 of MS-247 

agents, most of which are anticancer drugs and various types of was -6.15 (0.71 /im), which fell in the middle of the range of 
inhibitors. We have also added the growth- inhibitory parameters to . presently used anticancer drugs in the panel (Fig. 3). The COMPARE 

the database. We compared standard drugs with each other for die analysis of the mean graph revealed that MS-247 significantly corre- 

mean graph pattern using COMPARE analysis and confirmed that lated with two main groups of anticancer agents (Table 1). The first 

drugs sharing a certain mode of action clustered together, as described was a camptothecin analogue group, including CPT- 1 1 , SN-38 (active 

4044 
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Fig, 3. Comparison of MS-247 with clinically active anticancer agents for the mean log GI^o against 39 cell lines. The GI50 of each drug to 39 cell lines was determined as described 
in Materials and Methods." mean log GI50 of each drug. 



metabolite of CPT-1 1), and camptothecin. The second was an anthra- 
cyclin group, including epinibicin, ADM, mitoxantrone, KW-2170, 
and daunorubicin. These results indicate thai MS-247 may share some 
modes of action with both groups. 

Antitumor Activity of MS-247 against Human Cancer Xe- 
nografts. To evaluate the antitumor activity of MS-247, we devel- 
oped various human cancer xenografts by s.c, injecting 1 7 cell lines of 
the panel into nude mice. We examined the antitumor activity and the 
toxicity of MS-247 using six lung cancer xenografts (Fig. 4). The four 
lung cancer cell lines, NCI-H23, NCI-H226, NCI-H460, and A549, 
were originally non-small cell lung cancers, and others, DMS273 and 
DMSl 14, were small cell lung cancers. A single i.v. administration of 
MS-247 on day 0 significantly inhibited tumor growth at all of the 
dosages, 30, 25, and 21 mg/kg (Fig. 4, upper panels). There were not 
major differences in the efficacy within a dose range, indicating that 
MS-247 was effective in a rather wide dose range. It is remaiicable 
that MS-247 induced tumor regression during a certain period in 
NCI-H23, NCI-H226, DMS273, and DMSl 14. As for toxicity, the 
body weight of the tumor-bearing mice decreased by day 10 after the 
administration, but it was recovered afterward (Fig. 4, lower panels),. 
These results demonstrated the therapeutic efficacy of MS-247 in the 
nude mice bearing lung cancer xenografts. 

Then, we examined MS-247 for activity against 10 other xe- 
nografts including colon, stomach, breast, and ovarian cancers, and 
we compared MS-247 with eight major anticancer drugs, pacli- 
taxel, CPT-1 1, cisplatin, ADM, 5-FU, CPM, VP- 16, and VCR 
(Table 2). A single injection of 25 mg/kg MS-247 showed signif- 
icant antitumor activity against all 17 xenografts tested. MS-247 
was more effective in most xenografts than cisplatin, ADM, 5-FU, 
CPM, VP-16, or VCR- MS-247 was comparable to paclitaxel and 
CPT-Il, presently the most promising drugs. Noticeably, MS-247 
was more effective than paclitaxel in HCT-15 and than CPT-] 1 in 
A549, HBC-4, and SK-OV-3; therefore, it showed a higher re- 
sponse rate than paclitaxel and CPT-1 1. 

DNA Binding of MS-247. Hoechst 33342 is a fluorochrome that 
binds to the DNA minor groove and generates specific fluorescence 



(3 1 , 32). To confirm MS-247 binding to DNA, wc observed the effect 
of MS-247 on the fluorescence generated by DNA-bound Hoechst 
33342, In a cell fi-ee system, the fluorescence of DNA-bound Hoechst 
33342 was quenched after MS-247 was added in a dose-dependent 
manner (Fig. 5A). Similar results were obtained when fluorescence 
was measured in the cellular system where MS-247 was exogenously 
added to L1210 cells that had been preincubated with Hoechst 33342 
(Fig. 5^). These results indicated that MS-247 may have displaced the 
DNA-bound Hoechst 33342 on the DNA. 

Inhibition of Topoisomerase I by MS-247. Some of the DNA 
minor groove binders reportedly inhibit topoisomerases (1). In addi- 
tion, the COMPARE analysis of the mean graph of MS-247 suggested 
that the mode of action of MS-247 was similar to camptothecin 
analogues and anthracyclins, which inhibit topoisomerases 1 and II, 
respectively. Therefore, we examined whether MS-247 inhibited to- 
poisomerases (Fig. 6). Topoisomerase 1 converted supercoiled DNA 
to nicked and relaxed DNA. MS-247 inhibited the process in a 
dose-dependent manner. These results demonstrated that MS-247 had 
topoisomerase I inhibitory activity at concentrations of 50-100 jitg/ 
ml, MS-247 also inhibited topoisomerase II activity at the same 
concentration range (data not shown). 



Tabic 1 The COMPARE analysis of MS-247 
The mean gr^ph of MS-247 was compared with those of 200 standard compounds 
using the COMPARE analysis. Drugs were ordered according to the correlation coeffi- 
cient. Drugs with correlation coefTtcicnts higher than OJ (P < 0.00 1) were included. 



Ranking order 



Drug 



SN-38 
OPT- 11 
Epirubicin 
ADM 

Mitoxantrone 

KW2I70 

Metphalan 

DMDC 

Camptothecin 

Daunorubicin 



0.688 
0.683 
0.636 
0-602 
0.596 
0.588 
0.579 
0.575 
0.557 
0.516 



' Peason correlation coefficient. 
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Effects of MS-247 on the Cell Cycle. We investigated the effect 
of MS-247 on cell cycle progression in LI 210 cells (Fig. 7), The cells 
were exposed to 10, 30, and 1 00 ng/nil of MS-247 for 3-48 h. The cell 
population in Gj-M phase increased time dependently at each con- 



centration, indicating that MS-247 blocked the cell cycle at the G2-M 
phase. 

Apoptosis Induced by MS-247. We tested the apoptosis- inducing 
ability of MS-247 in HL-60 cells by DNA fragmentation assay. As 



Tabic 2 Antitumor activity of MS-247 against human cancer xenografts 
Nude mice were each inoculated s.c, with a 3 X 3 X 3-mm tumor fragment. When tumors reached 100-300 mm"' in volume, animals were divided randomly into test groups of 
six each (day 0). Drugs were administered from day 0 according to the dose schedules indicated Tumor regression {T/C %) on day 14 was determined. 



T/C (%) 





MS247 


Cisptatin 


Paclitaxel 


CPT-11 


ADM 


5-Fu 


CPM 


VP-I6 


VCR 


Drug dose 
(mgflcg)*' schedule* 


25 


10 


28 


100 


12 


50 


260 


12 


1.6 


qd X 1 


qd X 1 


qd X 5 


q4d X 3 


qd X 1 


q4d X 3 


qd X 1 


qd X 5 


qd X I 


Lung cancer 




















NCI-H23 


4^ 


10' 


4' 


8' 


43' 


63 


21' 


67 


67 


NCI-H226 


29^ 


71 


6' 


14' 


40' 


70 


89 


78 


24' 
81 


NCI-H460 


32^ 


45' 


22' 


35' 


45' 


41 


60 


66 


A 549 


50^ 


78 


29' 


75 


78 


111 


88 


76 


73 


DMS 114 


19^ 


69 


27' 


20' 


52 


63 


r 


61 


2(f 


DMS 273 


2^ 


33' 


1' 


5' 


71 


70 


43' 


137 


rf 


Stomach cancer 


















MKN-I 


42^ 


63 


46' 


49' 


41 


55 


74 


103 


88 


MKN-7 


32' 


60 


11' 


41' 


58 


75 


79 


68 


66 


MKN-74 


35^ 


78 


IC 


28' 


78 


76 


69 


134 


82 


St-4 


24' 


62 


22' 


42' 


66 


55 


95 


86 


87 


Colon cancer 
















HCC-2998 


28' 


52 


1' 


16' 


72 


42 


71 


76 


73 


HCT-1116 


30' 


78 


5' 


11' 


60 


48' 


53 


64 


57 


HCT-I5 


4e 


54 


78 


10' 


73 


61 


53 


66 


104 


Breast cancer 
















HBC-4 


24' 


56 


37' . 


54 


46' 


49' 


41' 


86 


46' 


MDA-MB-231 


18' 


. 28' 


13' 


50' 


86 


83 


25' 


56 


32' 


Ovarian cancer 
















SK-OV-3 


39' 


72 


45' 


80 


53 


75 


105 


100 


85 


OVCR-8 


36' 


69 


17' 


18' 


58 


76 


78 


74 


80 


Positive rate 


17/17 


4/17 


16/17 


14/17 


4/17 


2/17 


5/17 


0/17 


5/17 



" Each drug was administered at MTD in the schedule indicated. 

^ The administration schedules were abbreviated as: qd X 1, a single injection; qd X 5, five daily injections; q4d X 3, 3 injections with a 4-day interval, 
'f* < 0,01 by Mann Whitney 1} test as compared with respective control. 
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Fig. 5, Quenching of the fluorescence of DNA-bound Hocchst 33342 
by MS-247. The fluorescence of DNA-bound Hocchst 33342 was meas- 
ured under the following conditions: A, cz\f thymus DNA was preincu- 
bated with Hocchst 33342 and then incubated with MS-247; 5, L12I0 
cells were preincubated with Hocchst 33342 and then incubated with 
MS-247. The fluorescence derived from DNA-bound Hocchst 33342 
decayed when MS-247 was added to the two systems. 




0 I 1 — • " " 0 ' ' 1 I 

0. 01 0. 1 1 10 100 0. 1 1 10 100 

MS-247 cone, ((ig/nl) US-Z47 cone, (fig/il) 



shown in Fig. 8, MS-247 at concentrations around ICgy induced a 
DNA ladder in HL-60 cells. These results demonstrated that MS-247 
induced apoptosis. 



DISCUSSION 

MS-247 is a synthetic compound with a netropsin-like moiety and 
an alkylating residue in its structure. We found MS-247 by screening 
about 300 similar compounds, based primarily on the activity of tumor 
cell growth inhibition, and selected MS-247 for extensive evaluation 
because of its significant antitumor activity, against murine tumors, 
LI 210 and colon 26. and its higher stability."* 

In the present study, we evaluated the antitumor activity of MS-247 
by an in vitro and in vivo human cancer cell line panel. The mean log 
.GI50 of MS-247 was -6.15 (0,71 /im), which fell in the middle of the 
range of anticancer drugs presently in use. The COMPARE analysis 
indicated that the differential growth inhibition pattern of MS-247 (the 
mean graph) significantly correlated with those of camptothecin an- 
alogues and anthracyclins, suggesting that the modes of action are 
similar. The most remarkable feature of MS-247 was its efficacy 



Drug - - CPT MS-247 

Cona<|iM) 5 100 50 10 

Topol - + + + + + 




-Nicked DNA 
-Supercoiled DNA 



Fig. 6. Inhibition of topoisomerasc I by MS-247. Supercoiled DNA was mixed with an 
indicated concentration of MS-247 or camptothecin before topoisomerasc I was added. 
After a 3C>-min incubation at 37**C. the reaction mixture was treated as described in 
"Materials and Methods," and the DNA was analyzed by 1% agarose gel electrophoresis. 
MS-247 inhibited the topoisomcrase I-induccd DNA relaxation at concentrations of 50 
and 100 ^lm. Camptothecin was used as a positive control. 



against human xenografts. A single 25 mg/kg injection of MS-247 
showed significant antitumor activity against all 17 xenografts tested, 
which included lung, colon, stomach, breast, and ovarian cancers. In 
comparison with the clinically active drugs, MS-247 was more effec- 
tive than cisplatin, ADM, 5-FU, CPM, VP- 16, and VCR, in most 
cases, and moreover, was almost comparable with paclitaxel and 
CPT- 11, the most clinically promising drugs at the present. These 
results demonstrated the broad anticancer spectrum of MS-247. It is 
noticeable that MS-247 was more effective than paclitaxel in HCT-15 
and than CPT-1 1 in A549, HBC-4, and SK-OV-3. On the other hand, 
the toxicity of MS-247, indicated by the body weight loss, was 
reversible within 10 days after the administration. In our preliminar>' 
study, the ddse-limiting toxicity of MS-247 was bone marrow sup- 
pression. Our results suggest that MS-247 is a promising anticancer 
drug candidate for further research and development toward clinical 
investigation. 

We also investigated the mode of action of MS-247. We confinned 
its binding to DNA by the fact that MS-247 displaced DNA-bound 
Hoechst 33342 both in the cell -free system and in the cellular system. 
Hoechst 33342 is a fluorochrome that binds to AT-rich sites in the 
DNA minor groove and covers four bp, AATT (31, 32). Therefore, it 
seems correct to consider MS-247 as a DNA minor groove binder, as 
expected, and that it shares sequence specificity at least with Hoechst 
33342. 

MS-247 proved to have inhibitory activity against topoisomerases I 
and n. This was reasonable to expect because several DNA minor 
groove binders reportedly inhibit topoisomerases. For example, 
Hoechst 33342, Hoechst 33258, distaraycin A, berenil, lietropsin, and 
tallimustine inhibited topoisomcrase 1 (33-35), and distamycin A and 
tallimustine inhibited topoisomcrase II (34, 36). The inhibitory activ- 
ity against topoisomcrase J and II was also expected because the 
results of the COMPARE analysis suggested that the mode of action 
of MS-247 was similar to those of camptothecin analogues (topoi- 
somcrase I inhibitors) and anthracyclins (topoisomcrase II inhibitors). 
Therefore, topoisomerases I and II are at least the molecular targets of 
MS-247- Moreover, there might be other possible targets, such as 
other enzymes, involved in DNA metabolism and/or transcription 
factors because their activities were inhibited by some DNA minor 
groove binders (34, 37, 38). 

MS-247 blocked the cell cycle at the Gj-M phase and induced 
apoptosis. The Gj-M blockage is the common feature of DNA minor 
groove binders (1, 39). However, subsequent induction of apoptosis 
by this type of drug has not been studied, except for apoptosis induced 
by Hoechst 33342 (40, 41). We showed here the induction of apo- 
ptosis by MS-247, which possibly contributes to in vivo efficacy, at 
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Ohr 



3hr 



6hr 



12 hr 



24 hr 



48 hr 




0 ng/ml 



lOng/ml 



SOng/'ml 



100 ng^ml 



Fig. 7. Effect of MS-247 on cell cycle. LI 2 10 cells were exposed to 0 10 (5), 30 (Q, and 100 ng/ml {Z>) of MS-247 for 3-48 h. Then, the DNA content of the cells was analyzed 
by a flow cytometcr as described in "Materials and Methods." When exposed to MS-247, the cell population in the G^-M phase significantly increased. 



M 1 



M 




Fig. 8. Apoptosis induced by MS-247. Total DNA was extracted from HL-60 cells 
Ueated with nothing {Lane 1), 2 MS-247 (Lane 2), 0.2 fXM MS-247 {Lane 3), or 20 n.M 
camptothecin {Lane 4). Then, DNA fragmentation was measured by electrophoresis^ as 
described in "Materials and Methods." Camptothecin was used as a positive control, f^ne 
M, DNA size maricers (<f>xl74///adll). 



least in part. Recently, the analysis of the apoptotic cascade induced 
by anticancer drugs has been studied (42), It seems an important next 
step to analyze the mechanism of apoptosis induced by MS-247 and 
to compare MS-247 with other antitumor agents. 

Tallimustine, a derivative of distamycin A, has the closest structural 
relationship to MS-247 of the DNA minor groove binders that were 
developed as anticancer drugs. Although tallimustine was subjected to 
clinical trials, its efficacy has not yet been demonstrated (17, 18). It 
may be important to compare MS-247 and tallimustine in a preclinical 
study. In our preliminary study, the sequence specificity of DNA 
binding between the two is slightly different, suggesting that MS-247 
is different from tallimustine in biological activity. 

We report here our synthesis of a novel DNA minor groove binder, 
MS-247, and have demonstrated its strong antitumor activity against 
several human cancer xenografts. We see that MS-247 binds to DNA, 
inhibits topoisomerases and other possible targets around DNA, 
blocks the cell cycle at G2-M, and induces apoptosis. MS-247 is a 
promising new anticancer drug for further development toward clin- 
ical investigation. 

ACKNOWLEDGMENTS 

We thank Dr. R. H. Shoemaker and Dr. K. D. Paull (Developmental 
Therapeutics Progrdm, Division of Cancer Treatment, National Cancer Insti- 
tute) for their helpful discussions during the development of the human cancer 
cell line panel and the database system. 

REFERENCES 

I . Turner, P. R., and Denny, W. A. The mutagenic properties of DNA minor-groove 
binding Hgands. Mutat. Res., 355: 141-169, 1996. 



4048 



ANTITUMOR ACTIVITY OF MS-247 AGAINST XENOGRAFTS 



2. Hartley, J. A., Lown. J. W., Mattes, W. B., and Kohn, K. W. DNA sequence 
specificity of antitumor agents. Oncogenes as possible targets for cancer therapy. 
Acta. OncoL. 21: 50J-510, 1988. 

3. Lx)\vn, J. VV. DNA recognition by- Icxitropsins, minor groove binding agents. J. Mol. 
RecogniL 7; 79-88, 1994. 

4. Marchini, S., Cozzi, P., Bcria, Geroni. C, Capolongo, L., O'lncalci, M., and 
Broggini, M. Sequence-specific DNA alkylation of novel lallimustine deri\'atives. 
Anticancer Drag Des., /J; 193-205, 1998. 

5- Brooks, N., Lee, M., Wright, S. R., Woo, S., Ccntioni, S., and Hartley, J, A. Synthesis, 
DNA binding, cytotoxicity and sequence specificity of a series of imidaxolc-contain- 
ing analogs of the benzoic acid mustard distamycin derivative tallimustine containing 
an alkylating group at the C-tcrminus. Anticancer Drug Des., 12: 591-606, 1997. 

6. Yoon, J. H., and Lee, C. S. Sequence selectivity of DNA alkylation by adozelesin and 
cantelcsin. Arch. Pharmacal Res. (Seoul), 21: 385-390, 1998. 

7. Bhuyan, B. K., Smith, K, S., Adams, E G.. Wallace, T. L., Von Hoff, D. D.. and Li, 
L. H. Adozelesin, a potent new alkylating agent: cell-killing kinetics and cell-cycle 
effects. Cancer Chemother. Pharmacol., SO: 348-354, 1992^ 

8. Bum's, H. A., Dicras, V. C, Tunca, M., Earhart, R, H., Eckardt, J. R., Rodriguez, 
G. I., Shaffer, D. S., Fields, S. M.. Campbell, E., Schaaf, L., Kasunic, D., and Von 
Hoff, D, D. Phase I study with the DNA sequence-specific agent adozelesin. Anti- 
cancer Drugs, 5: 588-596, 1997. 

9. Foster, B. J.. LoRusso, P. M., Poplin, E., Zalupski, M., Valdivicso, M., Wozniak, A., 
Flaherty, L., Kasunic, D. A., Earhart, R. H., and Baker, L. H. Phase I trial of 
adozelesin using the treatment schedule of daily x5 every 3 weeks. Invest New 
Drugs, U: 321-326, 1996. 

10. U, L. H., DcKoning, T. F., Kelly, R. C, Krucger, W. C, McGovren, J. P., Padbury, 

G. E., Petzold, G. L., Wallace. T. L., Ouding, R, J., Prairie, M, D., ajid Gebhard, I. 
Cytotoxicity and antitumor activity of carzelesin, a prodmg cyclopropylpyrroloindole 
analogue. Cancer Res., 52: 4904-4913. 1992. 

1 L Houghton, P. J., Cheshire, P. J., Hallman, J. D. N., and Houghton, J, A, Therapeutic 
efficacy of the cyclopropylpyrroloindole, carzelesin, against xenografts derived from 
adult and childhood solid tumors. Cancer Chemother Phannacol., 3(5; 45-52, 1995. 

12. Carter, C. A., Waud, W. R., Li, L. H., DeKoning, T. F., McGovren, J. P., and 
Plowman, J. Preclinical antitumor activity of bizclesin in mice. CHn. Cancer Res.. 2: 
1143-1149, 1996. 

13. Walker, D. L., Reid, J. M., and Ames, M. M. Preclinical pharmacology of bizelesin, 
a potent bifunctiona) analog of the DNA-binding antibiotic CC-1065. Cancer Che- 
mother. Pharmacol., 34; 317-322. 1994. 

14. Kobayashi, E., Okamoto, A., Asada, M., Okabe, M., Nagamura, S.j Asai, A.. Saito, 

H. , Gomi, K., and Hirata, T. Characteristics of antitumor activit>* of KW-2I89, a 
novel water-soluble derivative of duocarmycin. against murine and human tumors. 
Cancer Res.. 54: 2404-2410, 1994. 

15. Pczzoni, G., Grandi, M., Biasoli, G., Capolongo, L., Baltinari, D., Giuliani. F. C, 
Barbieri, B,, Pastori, A., Pesenti, E., MongelH, N., and Sprcaftco, F. Biological profile 
of FCE 24517, a novel benzoyl maslard analogue of distamycin A. Br. J. Cancer, 64: 
1047-1050, 1991. 

16. Verweij, J, New promising anticancer agents in development: what comes next? 
Cancer Chemother Pharmacol., 55 (Suppl); S3-S10, 1996. 

17. Viallct, J., Stewart. D., Shepherd, F., Ayoub, J., Cormier, Y., DiPietro, N., and 
Steward, W. Tallimustine is inactive in patients with previously treated small cell lung 
cancer. A Phase II trial of the National Cancer Institute of Canada Clinical Trials 
Group. Lung Cancer, 75; 367-373, 1996. 

18. Punt, C. J-, Humblet, Y., Roca, E., Dirix, L. Y., Wainstein, R., Polli, A., and 
Corradino, I. Tallimustine in advanced previously untreated colorectal cancer, a Phase 
n study. Br. J. Cancer. 73: 803-804, 1996. 

19. Alberts, S. R., Eriichman, C, Reid, J. M., Sloan, J. A., Ames, M. M., Richardson, 
R. L., and Goldberg, R. M. Phase I study of the duocarmycin semisynthetic derivative 
KW-2I89 given daily for five days every six weeks. Clin. Cancer Res,, 211 1-2 1 17, 
1998. 

20. Tabcmero, L., Vcrdaguer. N., Coll, M.. Fita. I., van der Marel, G. A,, van Boom. J. H., 
Rich. A., and Aymami, J. Molecular structure of the A-tract DNA dodecamer 
d(CGCAAATTTGCG) complcxcd with the minor groove binding drug netropsin. 
Biochemistry, 32; 8403-8410. 1993. 

21. Stinson. S. F., Alley, M. C, Kopp. W. C, Fiebig, H. H., Mullendore. L. A.. Pittman, 
A, F., Kenncy, S., Keller, J., and Boyd, M. R. Morphological and immunocytochem- 



ical characteristics of human tumor cell lines for use in a disease -oriented anticancer 
drug screen. Anticancer Res., 72; 1035-1053, 1992. 

22. Satoh, A., Takayama, E., Kojima, K., Ogawa, H., Yamori, T., Sato, S., Kawaguchi, 
T., Tsuruo, T., Yoshimoto, K., Kine, T., and Matsumoio, L Expression of carbohy- 
drate-binding protein p33/'41 human tumor cell lines. J. Biochcm., 119: 346-353, 
1996. 

23. Motoyama, T., Hojo, H., and Watanabe, H. Comparison of seven cell lines derived 
from human gastric carcinomas. Acta. Patliol. Jpn., 5(5; 65-83, 1986. 

24. Boyd, M. R. Status of the National Cancer Institute preclinical antitumor drug 
discovery screen: implications for selection of new agents for clinical trial. In: V. T. 
Devita, Jr., S. Hellman, and S. A. Rosenberg (eds.), Cancer Principles and Practice 
of Oncology Update, Vol. 3, pp. 1-12. Philadelphia: Lippincott, 1989. 

25. Paull, K. D., Shoemaker, R. H., Hodes, L., Monks, A., Scudiero, D. A., Rubinstein, 
L., PlowTTian, J., and Boyd, M. R. Display and analysis of patterns of differential 
activity of dmgs against human tumor cell lines: development of mean graph and 
COMPARE algorithm. J. Natl. Cancer Inst., Bl: 1088-1092, 1989. 

26. Monks, A., Scudiero, D., Skehan, P.. Shoemaker, R., Paull, K., Vistica, D., Hose, C, 
Langley, J., Croni.$e, P., Vaigro- Wolff, A., Gray<^oodrichi, M., Campbell, H., Mayo, 
J., and Boyd, M. Feasibility of a high-flux anticancer drug screen using a diverse 
panel of cultured human tumor cell lines. J. Natl. Cancer Inst., 83: 751-166, 1991. 

27. Yamori, T.. Sato, S., Chikazawa, H., and Kadota, T. Anti-tumor efTicacy of paclitaxel 
against human lung cancer xenogrjfts. Jpn, J. Cancer Res.. 88: 1205-1210, 1997. 

28. Skehan, P., Storeng, R., Scudiero, D., Monks, A., McMahon, J., Vistica, D., Warren^ 
J. T., Bokesch, H., Kenncy, S., and Boyd, M. R. New colorimctric cytotoxicity assay 
for anticancer-drug screening. J. Natl. Cancer ln.sl., 82: 11 07-1 1 12, 1990. 

29. Goldwasser, F., Shimizu, T-, Jackman, J., Hoki, Y., O'Connor, P. M., Kohn, K. W., 
and Pommier, Y. Correlations between S and G2 arrest and the cytotoxicity of 
camptothecin in human colon carcinoma cells. Cancer Res,, 56: 4430-4437. 1996. 

30. Ishizawa, M., Kobayashi, Y., Miyamura, T., and Malsuura, S. Simple procedure of 
DNA isolation from human scrum. Nucleic Acids Res., 19: 5792, 1991. 

31. Sriram, M., van der Marel, G. A., Roelen, H. L., van Boom, J. H., and Wang, A. H. 
Conformation of B-DNA containing 0*-ethyl-G-C base pairs stabilized by minor 
groove binding drugs: molecular structure of d(CGC[e6G]AATTCGCG complexed 
with Hocchst 33258 or Hoechst 33342. EMBO J.. It: llS-ljl, 1992. 

32. Robinson, H., Gao, Y. G., Bauer, C, Roberts, C. Switzer, C. and Wang, A. H. 
2'-Deoxyisog\janosinc adopts more than one tautomer to form base pairs witli 
thymidine observed by high-resolution crystal structure analysis. Biochemistry, 57; 
10897-10905, 1998. 

33. Qicn, A. Y., Yu, C, Gatto, B., and Liu, L. F. DNA minor groove-binding Hgands: a 
different class of mammalian DNA topoisomerase I inhibitors, Proc. Natl, Acad. Sci. 
US.A, 90: 8131-8135. 1993. 

34. Moniecucco, A., Fontana, M., Focher. F., Lcstingi, M., Spadari, S., and Ciarrocchi, C. 
Specific inhibition of human DNA ligase adenylation by a distamycin derivative 
possessing antitumor activity'. Nucleic Acids Res., J 9: 1067-1072, 1991. ^ 

35. Wang, Z., Zimmer, C, Lown, J. W., and Knippcrs, R, Effects of bifunctional 
netropsin-related minor groove -binding ligands on mammalian type 1 DNA topoi- 
somerase. Biochem. Phannacol., 53: 309-316, 1997. 

36. Fesen, M., and Pommier, Y. Mammalian topoisomerase II activity is modulated by 
the DNA minor groove binder distamycin in simian virus 40 DNA. J. Biol. Chem., 
264; 11354-11359, 1989. 

37. Bcllorini, M., Moncollin, V,, Dlncalci, M., MongcIIi, N., and Mantovani, R. Dista- 
mycin A and tallimustine inliibit TBP binding and basal in vitro transcription. Nucleic 
Acids Res.. 25; 1657-1663, 1995. 

38. Broggini. M., and D'Incald. M. Modulation of transcription factor-DNA interactions 
by anticancer drugs. Anticancer Drug Des., 9: 373-387, 1994. 

39. Erba, E,, Mascellani, E., PifTeri, A., and D'lncalci, M. Comparison of cell-cycle phase 
perturbations induced by the DNA-minor- groove alkylator tallimustine and by 
melphalan in the SW626 cell line, fnt J. Cancer, 62: 170-175, 1995. 

40. Zhang, X-, and Kiechle, F. L. Hoechst 33342 induces apoptosis and alters TATA box 
binding protein/DNA complexes in nuclei from BC3H-1 myocytes. Biochem. Bio- 
phys. Res. Commun., 248: 18-21, 1998. 

41. Zhang, X., and Kiechle, F. L. Mechanism of Hocchst 33342-induced apoptosis m 
BC3H-I myocytes. Ann. CUn. Lab. Sci.. 28: 104-114, 1998. 

42- Kamesaki, H. Mechanisms involved in chemotherapy-induced ap<^tosis and their 
implications in cancer chemotherapy. Int. J, HematoK, 68: 29-43, 1998. 



4049 



American Journal of Pathology, Vol. J55, A'o. 3. September- 1999 
Copyiigbt © Americafi Society for hn>estigatUfe Patbohgy 
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PGP9.5 As a Candidate Tumor Marker for 
Non-Small-Cell Lung Cancer 
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PGP9.5 is a neurospecific peptide that functions to 
remove ubiquitin from ubiquitinated proteins and 
prevents them from targeted degradation by protea- 
somes. Using the serial analysis of gene expression 
method (SAGE), we observed that the PGP9,5 tran- 
script was highly expressed in primary lung cancers 
and lung cancer cell lines but was not detectable in 
the normal lung. Here we examined the expression of 
PGP9-5 protein in normal lung epithelium, lung tu- 
mor cell lines , and 98 resected primary non-small-ceil 
lung carcinomas (NSCLCs). We found PGP9.5 reactiv- 
ity in normal hing in a pattern compatible with K- 
\ cells of the diffuse neuroendocrine system. However, 
the PGP9.5 was present in both small-cell lung cancer 
(SCLC) and NSCLC cell lines (22/24) independent of 
neuronal differentiation. In primary NSCLCs, 54% 
(53/98) of the cases had positive PGP9.5 staining, and 
the expression of protein was strongly associated 
with pathological stage of the cancer. It was present 
in 44% (29/66) of stage I NSCLCs and in 75% (24/32) of 
st^e n and IHA NSCLCs (p = 0.0032). These results 
suggest that the increased expression of PGP9.5 is 
specifically associated with lung cancer development 
and may serve as a potential marker for the detection 
of lung cancer. (Am J Pathol 1999, 155:711-715) 

Lung cancer is the second most common malignancy 
worldwide and is the leading cause of cancer death in 
men.'' Accumulating evidence indicates that a series of 
genetic changes in dominant oncogenes such as myc 
and ras are involved in the pathogenesis of human lung 
cancer.^*^ Several other candidate oncogenes have also 
been impticated."^-^ It is now clear that the accumulation 
of multiple genetic changes in a tumor leads to major 



differences involving altered expression of many genes.® 
Recently, using the serial analysis of gene expression 
(SAGE) method, we showed that the PGP9.5 (protein 
gene product 9.5) gene had no detectable expression in 
norma! lung tissues but was frequently overexpressed in 
primary non-small-cell lung tumors.'' 

PGP9.5 is a ubiquitin hydrolase widely expressed in 
neuronal tissues at all stages of neuronal differentia- 
tion.^^ Ubiquitination of cellular proteins and targeting 
them for subsequent degradation via ubiquitin-mediated 
proteolysis is potentially an important mechanism that 
regulates cell cycle genes.^^'""^ In tumors, increased de- 
ubiquitination of cyclins by PGP9,5 could contribute to 
the uncontrolled growth of somatic cells. 

To better characterize the role of PGP9.5 in lung can- 
cer, we first studied PGP9.5 expression in normal lung 
and a panel of lung cancer cell lines with defined neu- 
roendocrine (NE) differentiation. Next, we examined the 
expression of PGP9.5 in 98 resected primary non-small- 
cell lung cancers (NSCLCs), using immunohistochemis- 
try and correlated PGP9.5 expression in tumors with the 
clinicopathological features of affected patients. 

Materials and Methods 
Tissue Specimens 

All lung cancer cell lines were obtained from the Ameri- 
can Type Culture Collection. (ATCC) and propagated ac- 
cording to the provided instructions.'^ Formalin-fixed and 
paraffin-embedded tumor samples from consecutive pa- 
tients who had undergone resections of NSCLCs with 
curative intent were retrieved from the Surgical Pathology 
files of the Johns Hopkins Hospital (JHH). Information 
regarding tumor stage, tumor recurrence, and patient 
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survival was obtained from the medical records, includ- 
ing the JHH Tumor Registry files. 

Northern Blot Analysis 

Cell lines used for Northern blot analysis were collected 
after trypsinization and lysed immediately in Trizol re- 
agent (GIBCO BRL. Gaithersburg, MD). Normal lung total 
RNA was extracted by the GuSCN method and purified 
by CsCI gradient ultracentrifugation as described/ Ten 
micrograms of RNA was separated on a 1.5% denaturing 
agarose gel and transferred to Gene Screen membrane 
(DuPont. Boston. MA). A PGP9.5 cDNA probe was iso- 
lated from an EST clone (no. 268107) obtained from 
Genome Systems (Huntsvilie, AL). Northern blot hybrid- 
ization using the PGP9.5 cDNA probe was performed as 
described/ 

Western Blot Analysis 

Twenty micrograms of cell iysates was separated on a 
4-20% sodium dodecyl sulfate gradient gel and trans- 
ferred to a polyvinylidene difluoride membrane (Micron 
Separations. Westborough, MA). After the nonspecific 
sites were blocked by incubation in phosphate-buffered 
saline + 5% nonfat dry milk (NFDM). the blot was incu- 
bated with the polyclonal rabbit antiserum against 
PGP9.5 (Biogenesis, Sandown. NH) at 1 :400 dilution for 2 
hours at room temperature. After washing, an ECL kit 
(Amersham, Arlington Heights. IL) was used to visualize 
the antibody binding to PGP9.5 protein. 

Immunohistochemical Analysis 

Six-/xm sections were made from paraffin tissue blocks, 
and the slides were dried at 60°C for 30 minutes, treated 
with xylenes, and then dehydrated in alcohol. Endoge- 
nous peroxidase was blocked witfi 0.3% HsOg. Micro- 
wave treatment was performed for 4 minutes in Antigen 
Retrieval Glyca solution (Biogenex, San Ramon. CA). 
because it has been shown that the immunoreactivity of 
PGP9.5 was markedly enhanced by this method/"* After 
■ blocking with normal goat serum, the slides were incu- 
bated with the polyclonal rabbit antiserum against 
PGP9.5 (Biogenesis) at 1:1000 dilution for 2 hours at 
room temperature, Vectastain ABC Kit and DAB Sub- 
strate Kit (Vector. Burlingame. CA) were used to visualize 
the antibody binding, and the sections were counter- 
stained witfi hematoxylin. 

Immunohistochemical staining for PGP9.5 was inter- 
preted by an experienced pathologist (W.H.W.). For con- 
trol studies, HeLa and HI 57 lung cancer cell lines were 
used as negative and positive controls. The PGP9.5 sta- 
tus of these two cell lines was confirmed by Northern and 
Western analysis^ (data not shown). Optimized condi- 
tions were then used for the immunostaintng of primary 
lung cancer specimens. In all cases, small nerves in the 
tissue sections served as a positive internal control, and 
desmoplastic stroma served as a negative internal con- 
trol for PGP9,5 staining. Only cytoplasmic staining above 



background levels was regarded as specific staining. All 
immunohistochemical slides were initially reviewed to as- 
sess the range of this PGP9.5 immunoreactivity with re- 
spect to intensity and distribution of staining. Two pat- 
terns were recognized: 1) the tumor was uniformly 
nonimmunoreactive; or 2) moderate to strong immunore- 
activity approaching the intensity seen in the internal 
control (ie. nerves) was uniformly present throughout 
most (ie. >70%) of the tumor. Accordingly, tumors were 
subsequently scored as either negative or positive, 
based on the total absence or generalized presence of 
specific staining. To correlate the distribution of the scat- 
tered PGP9.5-positive cells in the normal bronchial epi- 
thelium with the distribution of the. neuroendocrine K- 
cells. lung sections from two independent cases were 
incubated with a monoclonal antibody against chromo- 
granin (Boehringer Mannheim. Indianapolis, IN; 1:2000 
dilution). 

Statistical Analysis 

The )^ test was used to examine the association between 
the PGP9.5 expression status and clinicopathological 
features. 



Results 

Expression ofPGP9,5 Protein in Normal Lung 
Tissues 

We have previously obsen/ed that the PGP9.5 message 
was frequently detected in lung carcinomas, but was not 
detectable in normal lung by Northern analysis or reverse 
transcription-polymerase chain reaction methods.^ This 
result suggested that PGP9.5 protein expression could 
potentially be used as a marker for lung cancer. To better 
characterize the cell type origin and the timing of PGP9.5 
expression, an immunohistochemical approach was 
used to localize PGP9.5 protein expression in the normal 
lung and the tumor samples. As shown in Figure 1A, the 
majority of the normal lung epithelial cells were negative 
by PGP9.5 staining. In sections of nonneoplastic lung, 
PGP9.5 staining was restricted to nerves and a few iso- 
lated cells scattered throughout the bronchial epithelium. 
The positive staining of neurons is consistent with the fact 
that PGP9.5 is a neuron-specific peptide widely ex- 
pressed in neuronal tissue.® The PGP9.5-positive cells 
scattered throughout the nonneoplastic bronchial epithe- 
lium were reminiscent of the neuroendocrine K-cells, 
based on their morphological appearance and pattern of 
distribution.^^ 

To determine the histological origin of these scattered 
PGP9.5-positive cells, we stained parallel sections from 
two cases with chromogranin, a well-characterized 
marker of neuroendocrine differentiation.''^ As shown in 
Figure IB, chromogranin-positive cells showed the same 
location and tissue distribution as the PGP9.5-positive 
cells. This result suggests that, in nonneoplastic lung, 
PGP9.5 protein expression is restricted to cells of the 
dispersed NE system. 
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hASHI 



Figure 1 . Immunohistochemical staining of lung tumor and adjacent lung 
tissue for PCP9-5 and chromograntn. A; PGP9.5 staining is present in Isolated 
cells dispersed tliroughout the normal bronctiial mucosa (arrow). B: Chro- 
mogranin staining is present in the compatible population of cells as seen in 
A (arrowX C: Example of PGP9.5 staining in lung cancer. 



PGP9.5 Expression Is Independent of hASHI 
Status in Lung Cancers 

Because a majority of small-cell lung cancers and a 
portion of the NSCLCs often exhibit features of NE differ- 
entiation, we next tested whether PGP9.5 overexpression 
was associated with lung cancers of NE lineage. A panel 
of established lung cancer cell lines with hASHI status 
was used for this study. hASHI is a transcription factor 
essential for the NE development of the human lung. As 
shown in Figure 2 (upper panel), PGP9,5 message was 
abundantly detected in both small-cell lung cancer 
(SCLC) and NSCLC cell lines regardless oi hASHI status. 



. PGP95 
mRNA 



B-Actin 



PGP9,5 



+ + + + + + 




Figure 2. PGP9.3 expression iti lung cancer cell lines with defined hASHI 
status. PGP9.5 transcript was not detectable in either normal lung or an 
embryonic lung cell line (LI 32) but was expressed in all lung cancer cell 
lines. Tiie hASHI statu.^ is indicated at the top. H358 had a weak POP9.5 
message compared lo other cell lines. The lower panel shows a Western blot 
using the aml-PGP9.5 antibody. Note that all tumor cell lines except H358 
had PCP9o protein. Tlie 0-actin control was used to normalized sample 
loading. The histological subt>*pes of the cell lines are: L132, embr>'onic lung; 
H82, H249, DMS53. and HH6, small cell carcinoma; HI 25, adenocarcinoma; 
HI 57 and H520, squamous cell cardnoma: H1299 and HI 155, large cell 
carcinoma; H358, bronchoalveolar carcinoma: H727, carcinoid; HI 770, neu- 
roendocrine carcinoma. 



Similarly, the PGP9.5 protein was detected in nearly all- 
cell lines that expressed the gene (Figure 2. lower panel). 
Although there was a faint message in H358 by Northern 
analysis, no PGP9.5 protein was detectable for this sam- 
ple. Furthermore, no PGP9.5 product was obtained by 
reverse transcriptton-polymerase chain reaction in this 
case, indicating that the message was probably rear- 
ranged or unstable and could not serve as a template for 
protein translation. Thus the expression of PGP9.5 ap- 
pears to be present in NSCLC in the absence of NE 
differentiation, as well as SCLC frequently derived from 
NE cells of the lung. 

Association ofPGP9,5 Expression with 
Pathological Stage in NSCLC 

To seek the role of PGP9.5 expression in NSCLC. we 
examined the presence of PGP9.5 protein in the tumors 
of 98 NSCLC patients, using immunohistochemistry. The 
clinicopathological features of the patients and the re- 
sults of PGP9.5 staining are shown in Table 1. Overall. 
54% (53/98) of NSCLCs were positive by PGP9.5 stain- 
ing, and the intensity of the staining was uniform and 
consistent for almost all cases (Figure 1C). Seventy-two 
percent (26/36) of squamous cell carcinomas were 
stained positive for PGP9.5, whereas only 41% (22/54) of 
adenocarcinomas had positive PGP9.5 staining (p = 
0.0066). These results are consistent with previous re- 
ports which showed that squamous cell, carcinomas were 
more likely to be PGP9.5-positive than adenocarcinomas 
of the lung.""® However, when the clinical stage of the 
patients was considered, the PGP9.5-positive rate for 
stage II and IMA patients was significantly higher than 
those with stage I disease (p = 0.0074) (Table 1). 



Discussion 

PGP9.5 was first isolated as a specific cytoplasmic 
marker for neurons and NE cells.^*^^ About 10-15% 
NSCLCs demonstrate NE features by electron micros- 
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Table 1. Clinicopathological Features and PGP9.5 Expression in Primar>' NSCLC 



Cllnicopathologica! 
feature 



Sex 

Histology 

Tumor stage 
Vital status 

Median follow-up time 
Total 



Variable 



Male 
Female 

Adenocarcinoma 
Squamous cell carcinoma 
Others 
1 

II and IIIA 

Alive 
Dead 
41 months 



PGP9.5 expression 



No. of cases 


+ 




61 


37 (61%) 


24 (39%) 


37 


1,6 (43%) 


21 (57%) 


55 


22 (41%) 


32 (59%) 


36 


26 (72%) 


10(28%) 


8 


5 (63%) 


3 (37%) 


66 


29 (44%) 


37 (56%) 


32 


24 (75%) 


8 (25%) 


26 


1 1 (42%) 


15(58%) 


72 


42 (58%) 


30 (42%) 


98 


53 (54%) 


45 (46%) 



p value* 

0.14 
<0.01^ 

<aoi 

0.24 



V test. 

"•"PGPS.S expression in adenocarcinoma versus squamous cell carcinoma. 



copy or innmunohistochemistry, despite the absence of 
NE features by light nnicroscopy. Therefore, it was possi- 
ble that PGP9.5 expression in these cancers may have 
sinnply reflected their NE status. Indeed, PGP9.5 had 
been used as a marker of NE differentiation for lung 
tumors. However, discordant staining patterns between 
PGP9.5 and other neuroendocrine markers have often 
been observed. ^^-""^ In our study, hASHI was used as a 
marker of neuroendocrine differentiation, because ho- 
mozygous disruption of the hASHI gene in mouse pre- 
vents the development of pulmonary NE cells. ""^ How- 
ever, most lung tumor cell lines expressed high levels of 
PGP9.5, regardless of hASHI gene expression. There- 
fore, our results suggested that expression of PGP9.5 in 
lung cancers is independent of NE differentiation. 

Functionally. PGP9.5 belongs to the ubiqultin car- 
boxyl-terminal hydrolase (UGH) family,^ The UCH fam- 
ily has conserved Gys and His domains common to 
yeast and mammalian ubiqultin hydrolases. ^^-^^ It is 
becoming increasingly clear that these enzymes are a 
part of the cellular proteolytic pathway that regulates 
many cellular processes, including cell cycle progres- 
sion and eel! death. Several other studies have 
shown that some UGH family members are overex- 
pressed in different tumors and can potentially be on- 
cogenic. For example, the gene was identified as 
one of the UGH family proteins. The expression of tre-2 
is not detectable in norma! tissues but becomes ele- 
vated in a variety of tumor cells. Another UGH family 
gene. Unph, was isolated as a human homolog of the 
murine Unp protooncogene.^^ Overexpression of mu- 
rine Unp gene leads to oncogenic transformation of 
NIH3T3 cells, and the expression level of this gene is 
also elevated in lung tumors.^^*^^ The results of our 
current study also suggest that the expression of 
PGP9.5 in lung cancer may play a causative role in the 
oncogenic transformation of human lung epithelial 
cells, because 1) PGP9.5 shares conserved domains 
with the rhembers of ubiquitin hydrolase family, several 
of which are potential oncogenes; 2) PGP9.5 expres- 
sion is not present in the normal lung epithelium, but 
becomes activated sometimes during the course of 
neoplastic transformation: and 3) expression of PGP9.5 
is closely associated with advanced stages of NSGLG. 



Although further studies will be needed to elucidate the 
downstream target of deubiquitination by PGP9.5 and 
to better understand the molecular mechanism of 
PGP9.5 overexpresson in lung cancer development, 
the frequent occurrence of PGP9.5 expression in 
NSGLG makes it a potential marker for the detection of 
this disease. 
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In-framc deletions from the E-cadhcrin mRNA, cod- 
ing for a liomophilic cell adhesion molecule, are 
characteristic for diffosc-typc gastric carcinomas. Us- 
ing immunohistochemical analysis the mutant form 
cannot be distinguished from normal E-cadherin, 
making results difficult to interpret In this study, a 
rat monoclonal antibody, designated E-cad delta 9-1, 
was generated against a peptide spanning the fusion 
junction region between exons 8 and 10. This new 
epitope is present in an E-cadherin variant that lacks 
exon 9 from the mRNA due to different splice-site 
gene mutations. Using Western blotting and immuno- 
histochemistry of E-cadherin-transfected cells, we 
demonstrate that E-cad delta 9-1 specifically reacts 
with E-cadherin lacking exon 9 but not with the wHd- 
type protein. No immunoreactivity was observed in 
31 nontumorous and embryonal tissues analyzed. In 
gastric carcinoma specimens known to express mu- 
tant E-cadherin mRNA lacking exon 9 , E-cad delta 9-1 
targets exclusively tumor cells in routine formalin- 
fixed and paraffin-embedded material from biopsies, 
primary tumors, and lymph node metastases. In a 
retrospective series of 172 diffuse-type gastric carci- 
nomas expressmg E-cadherin, E-cad delta 9-1 reacted 
with 22 tumors (13%). This new tumor marker- 



monoclonal antibody system could open novel ave- 
nues for selective diagnosis and specific therapy of a 
subgroup of diffuse-type gastric cancer patients. 
(AmJPatbol 1999, 155:1803-1809) 

The calcium-dependent hemophilic cell adhesion mole- 
cule E-cadhenn and associated catenins. cytoplasmic 
plaque proteins, link polarized epithelial cells and main- 
tain the structural integrity of an epithelial monolayer. 
Moreover, the cadherin/catenin multiprotein complex is 
implicated in developmental processes and cell signal- 
ing.^"^ Because in carcinomas the tissue architecture is 
often disorganized. E-cadherin expression has been an- 
alyzed in various tumor types typically using immunohis- 
tochemistry." It could be demonstrated that E-cadherin 
immunoreactivity is often reduced or lost in less differen- 
tiated and invasive carcinomas,^ However, in diffuse- 
type gastric cancer, in which tumor cells generally have 
lost homophilic cell-to-cel! contacts and invade surround- 
ing tissues as single cells, E-cacfherin immunoreactivity 
was detected in many cases,^"^ whereas in others it was 
found to be completely absent.^ The reason for this dis- 
crepancy was unknown. The selection of the cases or the 
use of different antibodies may, at least in part, explain 
these results. 

Recently. E-cadherin gene mutations that may also 
have contributed to variable immunoreactivity have been 
identified in tumor cell lines, primary tumors, and lymph 
node metastases from gastric cancer patients."'*^"'"' Re- 
markably, in 50% of diffuse-type gastric cancer patients 
E-cadherin mutations were identified that typically re- 
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suited in in-frame deletions rennovtng partial or complete 
exon sequences from the extracellular portion of the 
transmembrane protein or point mutations resulting in 
amino acid substitutions.""^ Complete deletion of exon 9 
from the E-cadherin mRNA is a mutational hot spot in 
diffuse-type gastric cancer which was detected in 14% 
(10/70) of the patients analyzed using reverse transcrip- 
tion-polymerase chain reaction (RT-PCR) and sequenc- 
ing. "'^■^^ A variety of somatic splice-site gene mutations 
were identified that lead to in-frame skipping of exon 9 
from the E-cadherin mRNA. Although alternative splicing 
mechanisms are generally possible, they have not been 
-detected for E-cadherin and do not account for the fre- 
quent loss of exon 9. In addition, E-cadherin in-frame 
deletion mutations were exclusively associated with ma- 
lignant tissues and never seen in nontumorous gastric 
epithelium from the same patients. 

Because E-cadherin mRNA deletion mutations identi- 
fied in primary gastric tumors and lymph node metasta- 
ses do not interrupt the reading frame. ""^ the mutated 
protein may still be integrated into the plasma membrane 
although parts of its extracellular domain are altered. 
These structurally changed portions of the molecule 
could serve as possible targets for monoclonal antibod- 
ies. Numerous monoclonal antibodies have been gener- 
ated against E-cadherin. ^^•"'^ However, using current an- 
tibodies, it was impossible to differentiate between 
normal or altered forms of the expressed E-cadherin 
protein. Here we report the generation and characteriza- 
tion of E-cad delta 9-1 , a rat monoclonal antibody that 
specifically reacts with mutant E-cadherin lacking exon 9 
and that does not recognize the wild-type protein, in a 
multicenter study we determined the frequency of this 
mutation in archival diffuse-type gastric carcinomas us- 
ing E-cad delta 9-1. 



Materials and Methods 

Peptide Syntliesis and Generation of^ 
Monoclonal Antibodies 

A 13-mer peptide (Pro-!le-Phe-Asn-Pro-Thr-Thr-Gly-Leu- 
Asp-Phe-Glu-Ala) was synthesized that spans the fusion 
junction between exon 8 and exon 10 from mutant E- 
cadherin lacking exon 9 and subsequently coupled to 
Keyhole limpet hemocyanin (KLH) using standard meth- 
ods. Approximately 50 fxg of KLH-coupied peptide dis- 
solved in phosphate buffered saline and emulsified with 
Freund's complete adjuvant were injected both intraperi- 
toneally (i.p.) and subcutaneously (s.c.) into Lou/C rats. 
After a 4-week interval a final boost without adjuvant was 
given i.p and s.c. 3 days before fusion. Fusion of the 
myeloma cell line P3X63-Ag8.653 with the rat immune 
spleen cells was performed essentially as described.''® 
Hybridoma supernatants were tested in a solid-phase 
immunoassay using bovine serum albumin-coupled pep- 
tide (10 M-g/ml) adsorbed to polystyrene microtiter plates. 
Solid-phase enzyme-linked immunosorbent assay 
(ELISA) on microtiter plates coated with mouse anti-rat Ig 
antibodies was used to determine the immunoglobulin 



type with rat Ig class (anti-IgM; Zymed) and IgG sub- 
class-specific mouse monoclonal antibodies. 

Cells and cDNA Transfection 

Wild-type and mutant E-cadherin cDNA used for trans- 
fection were generated by RT-PCR from normal or malig- 
nant gastric tissue, respectively, and cloned into the ex- 
pression vector pBAT (a gift from Prof. Takeichi; inserts 
are under the control of a chicken j8-actin promoter). The 
coding regions of both cDNA constructs were confirmed 
by sequencing either to be unaltered (wild-type; se- 
quence identical to the one deposited in the EMBLVGen- 
Bank database libraries, accession number 2 13009) or 
to contain an in-frame deletion of exon 9 as the only 
sequence change (exon 9 deletion). The human mam- 
mary carcinoma cell line MDA-MB-435S (ATCC) was 
transfected by the calcium phosphate coprecipitation 
method with either wild-type or mutant E-cadherin cDNA 
lacking exon 9 together with a plasmid for neomycin 
resistance. Cloning and transfection of wild-type and 
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Figure 1. Western blot analysis, a: Cell extracts frora various normal tissues 
(liver, pancreas, colon, duodenum, stomach, esophagus, lung, kidney) were 
analyzed using inonoclonal antibody AEC (Anti-E-Cadherin, clone 36, Trans- 
duction hub, Lexington, KY), An extract from MDA-MB^35S mammary 
carcinoma cells that were transfeaed with wild-type E-cadherin (E-cad ut) 
was used as a control. AEC reacts with a protein of approximately 120 kd, 
corresponding to normal E-cidherin, in all lanes, b: Tlie same tissues as in a 
were analyzed with the mutation-specific monoclonal antibody E-cad delta 
9-1. No cross-immunoreactii-iiy with these tissues was seen. An extraa from 
MDA-MB-435S cells lransfeae<l with mutant E-cadherin lacking exon 9 (E- 
cad mut) l^'as used as a positive control. Molecular weight in kd is indicated 
on the left. 
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Figure 2. Immunoreaaivity of formal in-fixed 
and parafTin-embedded MDA-MB-435S cells. 
Tlie cells were iransfeaed witli mutant E-cacl- 
herin lacking exon 9 (iMDA-del9) or with the 
wild-type cDNA (MDA-wi). E-cad delta 9-1 spe- 
cifically reaas with cells trjnsfecied with mutant 
but not with cells transfeaed with wild-type E- 
cadherin cDNA (left panel). Monoclonal anti- 
body AEC reacts with cells expressintj mutiini 
and wild-type E-cadlierin (right paiicl). 



mutant E-cadherin cDNA has been described in detail 
elsewhere.^ 

Western Blot Analysis 

Extracts from E-cadherin (wild-type/mutant) transfected 
MDA-MB-435S cells and fresh frozen samples from liver, 
pancreas, colon, duodenum, stomach, esophagus, lung, 
and kidney were prepared according to a method previ- 
ously published^^ and used for Western blot analysis. To 
detect E-cadherin protein the monoclonal antibody AEC 
(Anti-E-Cadherin. clone 36, Transduction Laboratories, 
Lexington, KY) and the mutation-specific antibody E-cad 
delta 9-1 (clone 7E6) were used. Detection was per- 
formed using a peroxidase-coupled secondary antibody 
(ECL-Western, Amersham). 

Immunohistochemical Analysis 

To proof mutation-specific E-cad delta 9-1 immunoreac- 
tivity, 5-|i/n sections of formalin-fixed and paraffin-em- 
bedded MDA-MB-435S mammary carcinoma cells trans- 
fected with either wild-type or mutant E-cadherin cDNA 
(see above) were analyzed. In addition, routine formalin- 
fixed and paraffin-embedded material from four gastric 
cancer patients confirmed to express mutant E-cadherin 
mRNA lacking exon 9 in malignant tissues^ ^ were ana- 
lyzed. After microwave-based antigen retrieval with citric 
acid pretreatment.^^ sections were incubated in 1% hy- 
drogen peroxide for 15 minutes to block endogenous 
peroxidase. For detection of E-cadherin specific immu- 
noreactlvity, the specimens were incubated with either 
monoclonal antibody AEC (diluted 1:1000) or E-cad delta 
9-1 (undiluted hybridoma supernatant) at room temper- 
ature for 2 hours. Bound antibodies were detected using 
the avidin-biotin-complex (ABC) peroxidase method 
(ABC Elite Kit, Vector. Burlingame. CA). Final staining 
was developed with the Sigma FAST DAB peroxidase 



substrate kit (Sigma. Deisenhofen. Germany). Hemalaun 
was used for counterstaining. Nontumorous adult tissues 
(lung, heart, thyroid, placenta, salivary gland, bone mar- 
row, lymph nodes, adipose tissue, skin, peripheral nerve, 
connective tissue, skeletal muscle, breast, pituitary, cer- 
ebellum, cerebral cortex, esophagus, stomach, small in- 
testine, duodenum, colon, liver, pancreas, uterine endo- 
metrium, uterine cervix, ovary, tube, prostate, seminal 
vesicle, testis, epididymis) and embryonal tissues (13th 
week of pregnancy; umbilical cord, spinal cord, kidney, 
uterus, cartilage, skin, connective tissue, adipose tissue, 
colon, placenta, chorion) were analyzed in the same way 
to examine potential cross-reactivity of E-cad delta 9-1 
monoclonal antibody. A series of 322 diffuse-type gastric 
cancer samples from Munich (n = 97). Dusseldorf (n = 
117). and Tokyo (n = 108) were subsequently analyzed 
with E-cad delta 9-1 . From these 322 carcinomas, 205 
tumors derived from Munich and Tokyo were analyzed 
using both AEC and E-cad delta 9-1. All tumor sections 
contained nontumorous epithelium as control. 



Results 

E-cadherin mutation-specific monoclonal antibodies 
were produced in rats against a peptide that spans the 
fusion junction generated by direct adjoining of exon 8 
and 10. Hybridoma supernatants were tested in a solid 
phase immunoassay using the specific peptide coupled 
to bovine serum albumin. Hybridoma E-cad delta 9-1 
(clone 7E6) of rat IgGI subclass was selected for further 
analysis. 



Western Blot 

To confirm specificity of the selected hybridoma and to 
determine potential cross-reactivity with nontumorous tis- 
sues Western blot analysis was performed. Extracts from 
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MDA-MB-435S mammary carcinoma cells transfected 
with either wiid-type or exon 9-deIeted E-cadherin and 
extracts from various fresh-frozen nontumorous tissues 
(liver, pancreas, colon, duodenum, stomach, esophagus, 
lung, kidney) were analyzed using monoclonal antibody 
AEC and E-cad delta 9-1 . The epitope reacting with AEC 
is located within the intracellular domain of E-cadherin. 
AEC revealed a major protein band at approximately 120 
kd corresponding to wild-type E-cadherin in all tissues 
that was also present in MDA-MB-435S cells transfected 
with wild-type E-cadherin (Figure la). Faster migrating 
bands most likely correspond to degradation products. 
No immunoreactivity in these tissues, however, was seen 
using E-cad delta 9-1; a protein band corresponding to 
mutant E-cadherin was detected only in extracts from 
I\/IDA-MB-435S cells transfected with mutant E-cadherin 
cDNA (Figure lb). A protein band of identical molecular 
weight was seen using AEC. confirming E-cadherin spec- 
ificity (not shown). 

Immunohistochemistry 

After having demonstrated antibody specificity by West- 
ern blot we tested whether antibody E-cad delta 9-1 may 
react with formalin-fixed, paraffin-embedded E-cadherin 
transfected cells. E-cad delta 9-1 strongly stained mu- 
tant E-cadherin expressing cells, preferentially at the cell 
membrane, while wild-type expressing cells were not 
stained. In contrast, antibody AEC reacted with wild-type 
E-cadherin as well as with mutant E-cadherin expressing 
cells (Figure 2). These results indicate that the epitopes 
reacting with both antibodies are successfully unmasked 
by the procedures used. 

In subsequent immunohistochemical analysis of four 
diffuse-type gastric carcinomas (routine formalin-fixed, 
paraffin-embedded material) in which the expression of 
mutant E-cadherin mRNA lacking exon 9 was previously 
demonstrated by RT-PCR and direct sequencing,''^ 
monoclonal antibody AEC reacts with nontumorous epi- 
thelial cells as well as with tumor cells in biopsies (Rgure 
3, a and b). However, the mutation-specific monoclonal 
antibody delta 9-1 exclusively labels tumor ceils on serial 
sections from the same material, whereas nontumorous 
epithelial cells were not stained (Figure 3, c and d). 
Furthermore, tumor cells expressing mutant E-cadherin 
can be identified in the primary tumors (Figure 3. e and 
h). Because virtually all tumor cells were stained, the 
mutation, at least in these cases, is most likely clonal. In 
addition, E-cad delta 9-1 reacts strongly with tumor cells 
in lymphatic vessels and in lymph node metastases (not 
shown). Our results indicate that mutant E-cadherin pro- 
tein can, for the first time, be specifically detected on 
tumor cells from gastric cancer patients. 



To further examine potential cross-reactivity of anti- 
body E-cad delta 9-1 with nontumorous cells, we ana- 
lyzed normal tissue specimens from adults as well as 
from an embryo. We have not observed any cross-reac- 
tivity of E-cad delta 9-1 in the normal tissues listed in 
Materials and Methods. 

After a rigorous demonstration that antibody E-cad 
delta 9-1 reacts only with mutant E-cadherin. even in 
archival material, the incidence of the E-cadherin variant 
lacking exon 9 in gastric cancer was determined. We 
analyzed 322 primary gastric carcinomas of the diffuse 
type from Germany and Japan. We found that 25 of them 
(8%) showed a clear reaction with delta 9-1 (Munich. 
9/97; Dusseldorf. 3/117; Tokyo, 13/108). The immunore- 
activity was detected mainly at the cell membrane as 
described above. In 205 cases immunohistochemical 
analysis with AEC was also performed. E-cadherin immu- 
noreactivity with AEC was seen in 84% (1 72/205) of these 
cases. From the E-cadherin-positive tumors as deter- 
mined using AEC. 13% (22/172) also reacted with E-cad 
delta 9-1. 



Discussion 

The E-cadherin exon 9 deletion variant was previously 
detected in 14% (10/70) of diffuse-type gastric cancer 
patients using RT-PCR and sequencing.''''"''^ The gener- 
ation and characterization of monoclonal antibody E-cad 
delta 9-1 now enabled us to easily screen a large series 
of gastric cancer patients specifically for the exon 9-de- 
letion mutation. We detected 25/322 tumors expressing 
exon 9 deleted E-cadherin. The lower incidence of E-cad 
delta 9-1 -positive tumors observed in the cases derived 
from Dusseldorf may be due to the fact that exclusively 
surgically RO resected tumors were analyzed whereas in 
the Munich and Tokyo groups RO. R1, and R2 resected 
tumors were examined. The incidence of 8% is lower 
compared to the results using RT-PCR (14%) in a smaller 
series.^ ^"''^ Possibly, RT-PCR is more sensitive than im- 
munohistochemistry, or the half-life of mutant mRNA and 
protein may be different. Furthermore, proteins interact- 
ing with E-cadherin. catenins. may be altered, potentially 
resulting in degradation of mutant E-cadherin. in some 
cases precursor processing or posttreinslational modifi- 
cation may be abnormal, resulting in instability of the 
protein without affecting mRNA stability. However, when 
the incidence of the mutation was related to immunore- 
activity of E-cadherin, as determined by staining with 
AEC, a monoclonal antibody reacting with the intracellu- 
lar portion of E-cadherin, we found that 13% (22/172) of 
the tumors expressing E-cadherin were E-cad delta 9-1- 
positive (the three missing cases were not included in the 



Figure 3. Iminunohiatochemical analysis. TliLs sifjnet ring cell g;ustric carcinoma was previously confirmed to express mutant E-c.idlierin mRNA lacking exon 9 
due to a somatic splice-site gene mutation." a-d: Biopsy, Using monoclonal antibody AEC as primary antibody, both tumor cells and nonnal epithelial cells are 
stained (a, b): difTercntiation between cells expressing mutant or wild-type E-cadherin protein Is not possible. In contrast, monoclonal antilxxiy E-cad delta 9-1 
exclusively stains tumor cells. Nontumorous cells, including E-cadherin-expressing epithelial ceils, are not stained (c, d). c-h: Primary tumor. AEC reacts wiiii 
normal epithelial cells as well as with tumor cells expressing mutant Encadherin (c, f). Only tumor cells expressing abnormal E-cadherin are stained using E-cad 
delta 9-1 (g. h). Original magnifications: a, c, e, and g, X UK); b, d, f, and h, X200 
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series of cases stained with AEC). Because AEC reacts 
with E-cadherin's cytoplasmic portion, a potential cross- 
reactivity with another member of the cadhertn superfam- 
ily showing homology to this domain, P-cadherin, is con- 
ceivable. However, using a different E-cadherin- and a 
P-cadherin-specific monoclonal antibody, only 1 out of 28 
(4%) diffuse-type gastric carcinomas was found to ex- 
press P-cadherin but not E-cadherin.^ Thus, E-cadherin- 
negative tumors that express P-cadherin seem to be rare 
in this type of cancer and may not significantly interfere 
with our approximations. 

With our study E-cadherin lacking exon 9 has now 
been confirmed to be expressed exclusively in malignant 
tissues since no other tissue analyzed showed E-cad 
delta 9-1 immunoreactivity. The fact that this mutation is 
frequently found in gastric cancer patients in Europe'and 
Japan suggests that it may play a crucial role in tumori- 
genesis. Data from a functional analysis using a cell 
culture approach are in line with this hypothesis. We 
could demonstrate that mutant E-cadherin has dramatic 
effects on calcium-dependent cell adhesion, aggrega- 
tion, cell morphology, and motility, indicating that mutant 
E-cadherin contributes to the malignant phenotype. Inter- 
estingly, the mutation not only results in loss of E-cad- 
herin's cell-to-cell adhesion function, but also can act in a 
frans-dominant negative manner altering the function of 
other cadfierins, eg. N-cadherin.^ 

Detectable immunoreactivity of E-cadherin in gastric 
cancer specimens using currently available antibodies 
may not in every case indicate the presence of a normal 
protein. Our mutation-specific antibody may help to re- 
solve the discrepancy between detection of E-cadherin in 
the absence of hemophilic cell-to-cell adhesion. More- 
over, other malignant tissues besides stomach carci- 
noma could be identified to express mutant E-cadherin 
protein. E-cadherin gene mutations have been identified 
so far in invasive lobular breast carcinoma.^^^ diffuse 
sclerosing variant of papillary thyroid carcinoma,^® and 
endometrial and ovarian carcinoma.^^ Interestingly, an 
exon 9 splice-site mutation was described in a breast 
carcinoma cell line.^® although in-frame deletion muta- 
tions are rare in breast cancer. ""^ 

Mutation-specific monoclonal antibodies reacting with 
abnormal cell surface molecules found exclusively on 
tumor cells due to somatic gene mutations may open 
novel clinical avenues for a more specific diagnosis and 
therapy of gastric cancer: a humanized version of E-cad 
delta 9-1 could be applied to stimulate the patient's 
immune system or. after conjugating to radioisotopes, 
toxins, or drugs, it could be used to specifically target 
malignant cells in minimal residual cancer. With the mu- 
tation-specific monoclonal antibody E-cad delta 9-1 in 
hand, rapid screening of potential E-cadherin exon 9 
deletion mutations in routine biopsies can now easily be 
performed on large populations, because this antibody 
works excellently with formalin-fixed, paraffin-embedded 
material. Cancer patients who may profit from a potential 
immunotherapy using modified E-cad delta 9-1 mono- 
clonal antibody can be easily and quickly identified. 
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Abstract 

The folate receptor is a highly selective tumor marker overexprcssed in greater than 90% of ovarian carcinomas. Two 
general strategics have been developed for the targeted delivery of drugs to folate receptor-positive tumor cells: by coupling 
to a monoclonal antibodly against the receptor and by coupling to a high affinity ligand, folic acid First, antibodies against 
the folate receptor, including their fragments and derivatives, have been evaluated for tumor imaging and immunother^y 
clinically and have shown significant targeting efficacy in ovarian cancer patients. Folic acid, a higji affinity ligand of the 
folate receptor, retains its receptor binding properties when derivatizcd via its 7-carboxyl Folate conjugation, therefore, 
presents an altmiative method of targeting the folate receptor. This second strategy has been successfiiUy iqiplied in vitro for 
the receptor-specific delivery of protein toxins, anti-T-ccU receptor antibodies, interieukin-2, chonotherapy agents, 7- 
emitting radiopharmaceuticals, magnetic resonance imaging contrast agents, liposomal drug carriers, and gene transfer 
vectors. Low molecular weight radiopharmaceuticals based on folate conjugates showed much more favorable phar- 
macokinetic properties than radiolabeled antibodies and greater tumor selectivity in folate receptor-positive animal tumor 
models. The small size, convenient availability, simple conjugation chemistry, and presumed lack of immunogenicity of folic 
acid make it an ideal ligand ftw targeted delivery to tumors. © 2000 Elsevier Science B.V. All rights reserved. 

Keywords: Drug delivery systems; Folate receptor, Endocytosis; hnmunothcrapy; Gene therapy; Protein toxins; Radioimaging; Uposomefi 




ELSEVIER Advanced Drug Delivery Reviews 41 (2000) 147-162 



Contents 



1. Introduction j^g 

2. Overexpression of folate rec^tors in human tumors 148 

3. DcKvefy of radiopharmaceuticals 150 

3. 1 . Delivery of radionucUdea utilizing MOv 18 1 50 

3.2. Delivery ofradiomtctidesutilmng low inolecular weight folate conjugates 151 

4. Delivciy of liposomal drug carriers „ I53 

5. Ddi very of gene transfer vectors _ 154 

5.1. Viral vectors j54 

5.2. Non-viral vectors 155 

5.3. Anionic Iiposome-cntrai^)ed polyplexcs (LPDII) I55 



♦Corresponding author. Tel.: + 1-614-292-4172; fax: + 1-614- 
292-7766. 

E-mail address: lcc.1339@osu.cda (R.J, Lee) 



0169-409X/00/$ - see front matter © 2000 Elsevier Science BY. All rights reserved 
Pll: S0169-409X(99)00062.9 



148 



J, Sudimack, RJ. Lee I Advanced Drug Delivery Reviews 41 (2000) 147- J62 



6. Delivery of protein toxins 

6.1. Delivay of immunotherapy agents 

7. Summaiy 

References 



1. Introduction 

Targeted drug delivery systems promise to expand 
the therapeutic windows of drugs by increasing 
delivery to the target tissue as well as the target- 
non-target tissue ratio. This will in turn lead to a 
reduction m the minimiun effective dose of the drug 
and the accompanying drug toxicity, and an im- 
provement in therapeutic efScacy at equivalent plas- 
ma concentrations. Given the often limited number 
of targeted receptor sites on any given target tissue, 
targeted delivery is a particularly attractive approach 
for agents with narrow therapeutic windows and/or 
are active at very low concentrations. 

For targeted delivery to tumor, the cellular target 
often consists of a membrane-bound tumor-associ- 
ated antigen (TAA). The receptor for vitamm folate 
has been identified as a marker for ovarian car- 
cinomas and has also been found to be frequentiy 
overexpressed m a wide range of other types of 
tumors, therefore, presents an attractive target for 
tumor-selective drug delivery [1-9]. 



2. Overexpression of folate receptors in human 
tumors 

Folate receptor (FR), also known as the high 
affinity membrane folate-binding protein, is a 
glycosylphosphatidylinositol (GPI)-linked membrane 
glycoprotein with an apparent molecular weight of 
38-40 kDa [10]. Two membrane-bound isoforms of 
FR have been identified in humans, designated a and 
p. FRs bind folic acid (an oxidized form of folate) 
with high affinity. FR a-isoform has a dissociation 
constant (/C^) for folic acid of --0.1 nM, which is 
approximately 10-fold lower than its for reduced 
folates (c.g., 5-methyltetrahydrofolate) [11,12]. The 
role of FR in cellular folate transport is not well 
understood, although a "potocytosis" model has 
been proposed [13], FRs were found to be clustered 
in non-coated membrane regions called caveolae. 



Localization of FRs in caveolae and receptor inter- 
nalization can be induced by receptor crosslinking 
and is regulated by cholesterol [13,14]. Rather than 
the FR, an anion transporter with a if, in the 
micromolar range and sensitivity to the anion trans- 
porter inhibitor probenecid appeared to be respon- 
sible for the transmembrane cellular transport of 
physiological forms of the folate coenzyme, 5- 
methyltctrahydrofolate [15]. 

While elevated expression of FR has firequentiy 
been observed in various types of human cancers, the 
receptor is generally absent in most normal tissues 
with the exceptions of choroid plexus, placenta, and 
low levels in lung, thyroid and kidney [8]. Altfiough 
FR type P has been found on CD34 + cells, tiie 
receptor curiously lack affinity for [^H] folic acid 
and various folate derivatives [9]. FR type a is 
frequentiy overexpressed in tumor cells in culture 
and epithelial lineaged tumors such as ovarian 
carcinomas. Several studies show that over 90% of 
ovarian carcinomas overexpress the FR [4,7]. Ex- 
pression of the receptor is mostiy homogeneous in 
ovarian cancer tissue samples [4]. In a recent study, a 
monoclonal antibody against tiie type a receptor, 
LK26, was used to determine the frequency of FR 
overexpression in human tumors by indirect im- 
munohistochemical staining [4]. High frequencies of 
receptor overexpression were found in many types of 
tumors; including ovarian (52 of 56 cases tested), 
endometrial (10 of 11), colorectal (6 of 27), breast 
(11 of 53), lung (6 of 18), renal cell (9 of 18) 
carcinomas, brain metastases derived from epitiielial 
cancers (4 of 5), and neuroendocrine carcinomas (3 
of 21) [4]. In a separate study, quantitative reverse 
transcription polymerase chain reaction (RT-PCR) 
analysis was used to determine the mRNA transcript 
levels of both subtypes of the FR in various human 
tumor tissues, and [^H] folic acid binding was also 
used to determine the FR ligand binding capacity in 
tiiese tissues [7]. Highly elevated levels of the FR 
were detected in choriocarcinomas, meningiomas, 
uterine sarcomas, osteosarcomas, non-Hodgkin*s 
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decrease in the rate of cellular proliferation rather 
than an increase, suggesting FR expression may not 
provide a growth advantage to r^idly dividing cells 
in all cases [19]. Studies also show that high levels 
of FR expression are associated with increased 
biological aggressiveness of ovarian carcinomas as 
shown by a higher percentage of S-phase cells and 
increased resistance to chemotherapeutic agents [20]. 
Thus FR elevation may be a useful prognostic factor. 

The prevalence of FR overcxpression among 
human tumors makes it a good maiker for targeted 
drug delivery to these tumors. Two strategies have 
been developed for FR-spccific drug targeting: (1) 
coupling to monoclonal antibodies (e.g., MOvl8) 
against the FR; and (2) coiq>ling to folic acid, in 
which folic acid functions as the targeting ligand. 
High affinity FR binding is retained when folate 
(Fig. 1) is covalently linked via its 7-carboxyl group 
to a foreign molecule. The general model for the 
cellular uptake of drug conjugates targeted to the FR 
is illustrated in Fig. 2, 

This review summarizes recent studies on the 




lymphomas, and promyelocytic leukemias [7]. FR 
type P is frequently overexpressed in non-epithelial 
lineaged tumors such as sarcomas and acute myeloid 
leukemias but not in established cell lines of the 
same origin [16], The causes of FR overexpression 
in cancers are unclear. Transfection and expression 
of FR on NIH/3T3 cells provides cells with the 
ability to survive in low folate medium and increased 
cell growth both in vitro and in vivo [17,18]. 
However, another study showed that transfection of 
cervical carcinoma cells with FR cDNA led to a 
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Fig. 1. The structure of folic acid. The a and 7 carix>xyl groups 
ait labeled. 



Fig. 2. A schematic diagram of the folate receptor-mediated endocytosis pathway. 
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diagnostic and therapeutic applications of targeting 
the FR in vitro and in vivo using either folate or 
monoclonal antibodies against the FR. The drugs or 
drug carriers evaluated include liposomes, protein 
toxins, plasmid DNA complexes, imaging, chemo- 
thcrapeutic, and immunotherapcutic agents [27,28]. 
Targeted drug delivery via the FR has been reviewed 
in several recent articles [21-26]. 

3. Delivery of radiopharmaceuticais 

Radioactive tracer techniques are widely used in 
the diagnostic imaging of tumors due to their ability 
to non-invasively probe for tissue pathophysiology. 
The development of new and improved tumor-selec- 
tive radiopharmaceuticals is clinically desirable as a 
means of: (i) detecting and/or confirming the pres- 
ence and location of primary and metastatic lesions; 
(ii) probing biochemical features of neoplastic tissue 
that have implications for tumor staging and/ or 
subsequent treatment planning; and (iii) monitoring 
tumor response to treatment Photon emitting 
radiopharmaceuticals that can be used to generate 
planar and/or tomographic (SPECT) images com- 
prise the cornerstone of current nuclear medicine 
practice due to the widespread availability of appro- 
priate radionuclides (c.g.. ''"Tc, '"l, "Ga, and ' * ^In), 
FDA-approved radiopharmaceuticals, and the re- 
quired imaging equipment Actively targeted 7-cmit- 
ting radiophannaceuticals promise to greatly improve 
the specificity and sensitivity of scintigraphy imaging 
procedures. If sufficient tumor specificity can be 
achieved, radiopharmaceuticals labeled with an 
appropriate a- or ^-emitting radionuclide can also 
provide an attractive means for site-selective radia- 
tion therapy. Criteria for radionuclide selection in the 
development of diagnostic or therapeutic radiophar- 
maceuticals include the physical and biological half- 
lives of the radionuclide, presence or absence of 
particulate emissions and conversion electrons, as 
well as the pharmacokinetic and biodistribution 
properties of the radiopharmaceutical. 

Monoclonal antibodies have been evaluated clini- 
cally for the tumor-selective delivery of radionu- 
clides for both therapeutic and diagnostic purposes 
through techniques including radioinununoscintig- 
raphy (RIS), single-photon-emtssion computed 



tomography (SPECT) and radioimmunotherapy 
(RTF). Radiolabeled MOvl8, a monoclonal antibody 
against the FR, and its fiagments were used in 
clinical studies in ovarian cancer patients. 

3,1. Delivery of radionuclides utilizing MOvl8 

Radiolabeled antibodies against the FR have been 
used in the immunohistochemical detection of tissue 
FR expression, in planar or tomographic (SPECT) 
imaging, as well as in radioinununotherapy treatment 
of ovarian carcinomas. 

In a recent clinical study, "'l-M0vl8 was ad- 
ministered either intravenously (i.v.) or intr^)eritone- 
ally (i.p.) to 30 patients with ovarian carcinoma. 
Rfldioinmnmoscintigrq)hy (RIS) was carried out in 
this study to compare the two routes of administra- 
tion. A more favorable tumor to non-target (T/NT) 
ratio (2.8 vs. 1.9) and tumor uptake (1.3% vs. 0.8%) 
resulted when the ^^*I-MOvl8 was delivered intra- 
peritoneally. For diagnostic applications, the i.p. 
route of administration was not very practical. How- 
ever, the significant increase in targeting ratio 
achieved via the i.p. route compared to die i.v. route 
suggests that it may be more appropriate for certain 
therapeutic applications. The average sensitivity of 
this method was shown to be 73% (55 tumors 
detected out of a total of 75 tumors) and the 
specificity was 100% [29]. 

In a separate clinical study, 16 patients with 
minimal residual disease of ovarian cancer were 
treated by radioimmunotherq}y (RIT) with a single 
i.p. dose of "'l-M0vl8. Complete response (CR) 
was observed in five patients, no change (NC) in sbc 
patients, and progressive disease (PD) in five pa- 
tients [30]. Furthermore, one patient exhibited long- 
term CR in a follow-up exam [30]. 

In single-step radioimmunoimaging protocols, pa- 
tients are exposed to radiation for a relatively long 
period of time since it was shown to take approxi- 
mately 48-72 h for the optimal T/NT ratios to be 
reached following radiotracer administration [29]. In 
order to minimize patient radiation exposure, a two- 
step method was developed. In a two-step protocol, 
an initial i.p. injection of biotinylated M0vl8 was 
followed by a waiting period, which allows the 
MOvl8 to localize in tumors, and then an i,p. 
injection of "'in-streptavidin was administered 
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SPECT was then performed for tumor imaging. The 
mean T/hfT ratio obtained was higher (9 vs. 2.8) 
than when the conventional one-step method was 
utilized [31]. The improvement in tumor targeting 
was due to the reduced size and accelerated systemic 
clearance of the radiotracer ^''in-streptavidin in 
comparison with the radiolabeled whole antibody. 
However, this method has limited appeal for clinical 
imaging applications due to the requirement for 
repeated i.p. injections at various time intervals and 
the potential immunogenicity of the streptavidin. 

Finally, a three-step method was developed where 
patients were administered biotinylated MOvl8, 
avidin, followed by "'in-labcled biotin. The T/NT 
ratio obtained was 1.7, in contrast to 9 for the 
two-step method. The relatively poor contrast of this 
procedure was due to the internalization of the 
antibody/ antigen complexes induced by avidin 
crosslinking [32]. The receptor-bound avidin, there- 
fore, is no longer accessible to the radiolabeled 
biotin derivative. While detrimental to tumor imag- 
ing, this mechanism of cellular internalization may 
be exploited for FR-mediated delivery of certain 
therapeutic agents. 

3,2, Delivery of radionuclides utilizing low 
molecular weight folate conjugates 

Radiolabeled low molecular weight folate conju- 
gates compared to radiolabeled antibody have greatly 
reduced size, therefore, much faster systemic clear- 
ance. This in turn leads to increased tumor to 
backgroimd ratios. The radionuclides which have 
been evaluated as folate conjugates include *^Ga, 

In, and "Tc. The results are summarized as 
follows: 

Ga and '"in are 7-emitting radionuclides com- 
monly used in medical imaging procedures with 
half-lives of 78 h and 68 h, respectively. When 
administered as a citrate complex, *^Ga, forms a high 
affinity complex with circnilating transferrin. Since 
the transferrin receptor is frequently overe>q)ressed in 
various types of tumors, the *^Ga-transferrin com- 
plex preferentially localizes in the tumor, which 
allows for tumor imaging [33-35J. Deferoxamine is 
a conunonly used chelator that forms a stable 
complex with Ga. *^Ga-labeIed deferoxamine (DF) 
conjugates have been frequently used in positron 



emission tomography (PET) and gamma scintig- 
raphy [36-38]. For FR imaging, folate was conju- 
gated to deferoxamine via its amino group [39]. The 
resulting conjugate, deferoxamine-folate (DF-folate), 
was efficiently labeled with "Ga [39]. *^Ga-DF- 
folate was shown to have 100 times greater uptake in 
FR-positive oral carcinoma KB cells than the non- 
taigeted "Ga-DF [39]. Further, KB cell binding was 
completely blocked by excess free folate, indicating 
that binding was specific for the FR [39]. "Ga-DF- 
folate was then evaluated for its tumor localizing 
properties m athymic mice, on a folate free diet, 
carrying xenograft unplants derived from subcuta- 
neously injected KB cells [40,41]. The tumor to 
blood ratio obtained at 4 h post i.v. injection reached 
409 to 1, which was fan s\xpmoi than various 
controls including *^Ga-DF and *^Ga-citrate. Only, 
the tumor and the kidneys accumulated high leveb of 
the radionuclide conjugate. Radioactivity clearance 
from the tumor and the kidneys was slower than 
from other organs, resulting in eyen higher tumor to 
blood ratios (> 1 000) at 24 h post injection [40]. 
The undesirable radionuclide accumulation in the 
kidneys was likely due to the presence of FRs in the 
kidney proximal tubules. Targeting efficacy was 
much poorer in mice on the folate-enriched regular 
rodent diet or when excess free folate was pre- 
administered as a receptor blocking agent [40]. In 
addition, the superb imaging property exhibited by 

Ga-DF-folate was primarily attributable to its rapid 
blood clearance kinetics. 

An '"in-labeled diethylenetriaminepentacetic acid 
(DTPA)-folate was also synthesized and evaluated 
both in vitro and in vivo using the KB xenograft 
tumor model, as described for Ga-DF-folate [42]. 
The tumor to blood ratios obtained at 4 h post i.v. 
administration was 82 to 1 [43]. Overall the data 
obtained with "'in-DTPA-folate was very similar to 
those for "Ga-DF-folate. There was, however, a 
significant reduction in hepatobilliary clearance of 
this agent compared to *^Ga-DF-folate. The overall 
clearance kinetics of this agent, tiierefore, was more 
r^id and more &vorable for tumor imaging, "'in- 
DTPA-folate is currently being developed as a 
clinical imaging agent. A phase IIVL radioimaging 
clinical study on "'in-DTPA-folatc is being con- 
ducted at the University of Texas MD Anderson 
Cancer Center in ovarian cancer patients. 
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Compared to "'in and *^Ga, ''"*Tc is considered 
to be s more favorable radionuclide for radioimaging 
applications due to its short half-life of 6 h, a 140 
keV 7-radiation energy, which is optimal for avail- 
able imaging equipment, and low cost A novel 
folate conjugate of a Tc-chelating ligand, 6-hy- 
drazinonicotinamido-hydrazido (HYNIC)-folate, was 
recently synthesized in our laboratory (Fig. 3). 
HYNIC-folate was radiolabeled with '^'^Tc using 
tricine and trisodium triphenylphosphine-S.S'jS"- 
tisulfonate (TPPTS) as co-Iigands. The receptor 
binding property of ^"Tc-HYNIC-folate was studied 
in cultured KB cells. FR-mediated l^>take was -300 
times the non-specific binding in the presence of 1 
mM free folic acid (Fig. 4). '^c-HYNIC-folate was 
further evaluated in a C57BL/6 mouse model carry- 
ing syngeneic solid tumor grafts derived from 24JK- 
FBP cells, a methylcholanthrene-induced sarcoma 



cell line transfected with the human FR type a^ha 
[44], Tumor to blood ratios reached 55 and 81 at 4 h 
and 24 h post i.V; injection of the radiotracer, 
respectively [45]. Tumor uptake of the radioconju- 
gate was blocked by the co-injection of 100 jig of 
free folic acid, indicating the role of the FR in tuinor 
localization Tumors were clearly identifiable in 
gamma-camera images (Fig. 5). Two other ^"Tc- 
labeled folate conjugates have been synthesized and 
evaluated for gamma-imaging, including ^Tc- 
DTPA-folate and ^Tc-ethylcnedicysteine-folate, 
each showing good tumor selectivity [46,47], 

Regardless of the specific radionuclide chelate- 
folate conjugate used, high levels of the radiotracers 
were consistently found in the kidneys besides the 
tumors. This poses a potential challenge for applica- 
tion of low molecular weight folate conjugates in 
targeted radiother^y. However, the high selectivity 
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Fig. 3. Stnicturc of 6-hydra2iiK>nicotmamido-liydrazido (HYNIC>-foIate. 
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Fig. 4. '"*rc-HYNIC-folate uptake by culture tumor cells. 
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Fig. 5. Gamma camera image of a mouse treated with '^c- 
HYNIC-foIatc. 



and the rapid clearance kinetics of these conjugates 
make them ideal candidates for development as 
imaging agents for the detection of FR positive 
tumors. 



4. Delivery of liposomal drug carriers 

Liposomes are phospholipid bilayer vesicles. As 
drug carriers, liposomes possess the following prop- 
erties: (1) the ability to entrap hydrophilic drug 
molecules in its aqueous interior and/or incorporate 
hydrophobic molecules in its bilayer(s); (2) long 
systemic circulation time; (3) efficient uptake by die 
reticuloendodielial system (RES); and (4) preferen- 



tial accumulation in solid tumors due to increased 
endothelial permeability and reduced lymphatic 
drainage [48-51]. Low liposome encapsulation ef- 
ficiency is a limiting factor for delivery of hydro- 
philic drugs and has been addressed in the delivery 
of an antitumor agent doxorubicin through the recent 
development of the "remote-loading" method [52]. 
Modification of the liposome surface with poly- 
ethyleneglycol (PEG) has resulted in reduced RES 
uptake and fiirther prolonged circulation time [53- 
60]. 

The therapeutic efficacy of drug carrying lipo- 
somes can potentially be greatly improved if they 
could be targeted selectively to die tumor. Mono- 
clonal antibodies and their firagmcnts have been 
attached to the liposome surface to construct im- 
munoliposomes [54-57]. The clinical potential of 
inununoiiposomes is limited because: (1) the target- 
mg ligand is immunogenic. The elicitation of a 
human-antimouse IgG antibody (HAMA) response 
precludes repeated administration of inununo- 
iiposomes; (2) covalent attachment of a protein to a 
liposome is technically challenging. The conjugation 
chemistry for attaching antibodies to lipids is cum- 
bersome and may result in partial denaturation of the 
targeting ligand; (3) proteinaceous ligands are prone 
to denaturation upon exposure to organic solvent, 
limiting the methods available for liposome prepara- 
tion; (4) immunoliposomes are often unstable and 
tend to lose immunoreactivity upon storage and/or 
become rapidly cleared upon injection via re- 
ceptor-mediated RES uptake; and (5) few tumor- 
specific antibodies are available in quantities needed 
for drug targeting. 

For effective targeting of liposomes, folate has to 
be attached via a long PEG spacer {e.g., PEG M^- 
3350) to overcome the steric hindrance encoimtered 
at the cell surface [61]. In cultured KB cells, 
liposome uptake appeared to saturate at --2.5 x 10^ 
sites/cell [61]. The cellular uptake of folate-PEG- 
liposomes was saturable and could be blocked with a 
high concentration (1 mM) of fix© folic acid [60]. 
The requirement for high concentrations of fiee 
folate for effective receptor blocking indicated that 
folate-targeted liposomes had very high affinity for 
receptor-bearing tumor cells, possibly due to its 
capacity to interact with cellular FRs via multivalent 
interaction [61,62]. Folate-targeted liposomes encap- 
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sulating a fluorescent dye, calcein, were shown to be 
taken up by cultured KB cells via receptor-mediated 
endocytosis and displayed punctate fluorescence 
pattern when examined under a fluorescence micro- 
scope [61]. Folate-PEG-liposomes entrapping doxo- 
rubicin were evaluated in cultured KB cells for its 
uptake and cytotoxicity [63]. Cellular doxorubicin 
uptake following incubation with these liposomes 
was 45-fold higher tiban that of non-targeted lipo- 
somes and 1.6 times higher than free doxorubicin, 
and the cytotoxicity of these liposomes was 86 times 
and 2.7 times higher, respectively [63]. The cellidar 
uptake of the foIate*PEG-liposomes was unaffected 
by the presence of physiological concentrations of 
folate in the culture medium [63]. 

Folate-targeted liposomes have also been used to 
deliver an antisense oUgodeoxyribonucleotide, which 
inhibits the expression of epidermal growth factor 
receptor (EGFR) [64]. The main obstacles to the 
therapeutic application of antisense oligodeox- 
yribonucleotides were poor cellular uptake, short 
plasma half-life, and lack of tissue specificity. 
Folatc-PEG-liposome-encapsulated oligonucleotides 
were efficiently delivered as indicated by increased 
cellular uptake. These liposomal oligos were also 
shown to effectively suppress the expression of 
EGFR in KB cells and to inhibit cell growth [64], 

Folate conjugates and folate-targeted liposomes 
were shown to be internalized into a low-pH endo- 
somal compartment by FR-bearing cells via receptor- 
mediated endocytosis. The rates of liposome content 
release following endocytosis and cytosolic drug 
delivery are effected by the environmental pH and 
intraliposomal buffer strength [65]. Further, the rate 
of endosomal release of liposome-entrapped drug 
molecules could be greatly increased by die utiliza- 
tion of a pH-sensitive lipid composition or attach- 
ment of pH-sensitive fiisogenic peptides to the 
surface of liposomes [66,67], 

Folate offers many imique advantages as a target- 
ing ligand for liposomes over antibodies. It is non- 
immunogenic, is not prone to denaturation, has good 
stability, has simple and defined conjugation chemis- 
try, is highly specific for tumors, is available in large 
quantities, and is compatible with the use of organic 
solvent during preparation. Due to the relative large 
size (50-200 nm in diameter) of liposomes and their 
tendency to passively accumulate in tumor tissues, it 



is difficult to predict whether the incorporation of a 
targeting ligand could further improve liposome 
uptake by solid tumors in terms of overall tumor 
acciunulation. Previous studies with immimo- 
Uposomes were sparse and results have been mixed. 
While there was generally very limited increase in 
tumor accumulation due to targeting based on per- 
cent injected dose per gram of tumor tissue, sig- 
nificantly improved therapeutic efficacy has been 
observed in some cases. For example, intraveneously 
administered anti-HER2 immunoliposomes carrying 
doxorubicin have shown significantly improved 
tumor penetration, intracelluhir accumulation, and 
antitumor activity compared with non-targeted con- 
trol liposomes, which primarily acciunulated in the 
interstitial space [57]. Therefore, beneficial effects of 
liposome targeting are likely found at the cellular 
and subcellular levels. 



5. Delivery of gene transfer vectors; 

Gene therapy presents a promising approach for 
the treatment of human diseases. A scries of po- 
tential ther^eutic DNA constructs for cancer gene 
ther^y have been developed including those coding 
for suicide genes, cytokines, tumor-si^presser genes, 
antisense genes/ oligonucleotides, and ribozymcs. 
The clinical application of gene therapy, however, 
has been limited by the availability of suitable gene 
transfer vectors. An ideal gene transfer vector should 
be safe, stable, cost-effective to produce in clinically 
relevant quantities, and czpdble of efficient and 
tissue-specific gene delivery. 

i.7. Viral vectors 

Most of the gene transfer vectors currently under 
clinical evaluation are based on genetically en- 
gineered replication-defective viruses, e.g., retroviral 
vectors, adenoviral vectors, and adeno-associated 
viral vectors. While often quite efi&cient in gene 
transfer, viral vectors suffer firom oncogenic risks 
associated with random insertion into the host 
genome (for retro- and adeno-associated viruses) and 
elicitation of a host immune response, resulting in 
the elimination of the transduced cells and prevent- 
ing repeated use of the vector due to induction of 
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neutralizing antibodies (for adenoviruses). There is 
also the risk of genetic recombination inside the cell 
that leads to the generation of infectious viral 
particles. Viral vectors are also limited in gene- 
carrying capacity and are challenging to manufacture 
and purify in clinically relevant quantities. Due to 
these limitations, there has been considerable interest 
in the development of non-viral vectors based on 
synthetic components. Viral vectors can be targeted 
through attachment of a ligand. Douglas et. al. 
showed that folate coiq}led to F,,, fragments against 
the adenoviral fiber was able to redirect the viral 
vector to specifically transfect cells that are positive 
for the FR [80]. 

5.2, Non-viral vectors 

Existing synthetic non-viral vectors often consist 
of DNA con^lexes of cationic liposomes and/or 
cationic polymers [68,69], They have the conunon 
advantages of being non-imihunogenic, easy to 
produce, and non-restrictive on the size of the DNA 
molecule it carries. The structure and gene transfer 
activity of these complexes is dependent on both 
vector composition and the formulation method. 
Monovalent cationic lipids form a different type of 
DNA complex (lipoplexes) than cationic lipids with 
a midtivalent cationic head group or when cationic 
lipid is used in conjunction with a polycation 
(lipopolyplexes). Under fi:eeze-fracture electron mi- 
croscopy, monovalent cationic lipid/DNA complex- 
es (lipoplexes) often appears as "spaghetti-like" 
stmctures consisting of lipid-coated DNA double 
helix strands. The multivalent cationic lipid/DNA 
complexes and lipopolyplexes are often more com- 
pact in size and more active in gene transfer (in the 
absence of serum) [70], However, die transfection 
activity of these complexes is usually highly sensi- 
tive to flie presence of serum in the cidture media. 
The gene transfer eflBciencies of non- viral vectors are 
often much lower than viral vectors, especially when 
administered in vivo. Also, the performance of these 
vectors is quite variable depending on the route of 
injection. Major problems with existing non-viral 
vectors are vector aggregation, non-specific tissue 
i^>take, rapid systemic clearance, and undesirable 
organ distribution patterns determined by the first- 
pass effect 



A common flaw in the design of positively 
charged DNA complexes for gene transfer is that the 
formulations are usually optimized for gene transfer 
in vitro. In tissue culture, cellular uptake of the DNA 
complexes is mediated by charge interaction between 
the positively charged DNA complexes and the 
negatively charged cellular membrane. This inter- 
action further induces cellular internalization via 
endocytosis of the DNA complexes. However, when 
administered into the blood stream, the DNA com- 
plexes are placed in an environment rich in nega- 
tively charged plasma proteins and circulating blood 
cells. The positive charge of the complex is instantly 
neutralized and the complexes aggregated and ac- 
cumulate in the lung by pulmonary embolism and/or 
by the liver due to first pass effect. Since the positive 
charge of die DNA complexes is primarily contribut- 
ing to the extent of vector aggregation and is not 
Ukely to be available for target cell interaction, 
negatively charged DNA complexes and naked DNA 
are often foimd to be more active than the in vitro 
optimized gene transfer formulations, which in- 
variably are positively charged. The fate of the DNA 
complexes is also highly dependent on the route of 
administration. Intranasal, intraperitoneal, and in- 
tratumoral administration expose the vector to differ- 
ent biological environments, therefore, different vec- 
tor formulations may be needed for optimal gene 
delivery efficiency for differing methods of injection. 

Attachment of a targeting ligand and/or com- 
ponents that promote endosome escape has shown to 
greatly improve the gene transfer efficiency of 
nonviral vectors [71-76], In addition, studies showed 
that folate-conjugated polylysine coupled to inacti- 
vated viral particles mediated efficient receptor-spe- 
cific gene deliveiy in vitro [75,76]. 

5.J. Anionic liposome-entrapped polyplexes 
(LPDII) 

Neutral or anionic liposomes have also been 
evaluated for placid DNA delivery. However, they 
suffer fit)m low DNA entr^ment efficiency (usually 
less than 20%) diie to the laige molecular size and 
heavy negative charge of plasmid DNA. Protocols 
for DNA entrapment into these liposomes are often 
cumbersome and require the use of high lipid 
concentrations for high DNA entrapment, which also 
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leads to the generation of a large number of empty 
vesicles. Although anionic pH-sensitive immuno- 
liposomes have been shown to deliver DNA into 
lymphoma ascites tumors, their practical usefulness 
in gene therapy has yet to be demonstrated 

In the LPDn system, DNA is first conq}lexed to 
polylysine to form a cationic complex and then 
mixed with anionic pH-sensitive liposomes carrying 
a receptor targeting ligand to form liposome-en- 
trapped polyplex particles by a charge-mediated self- 
assembly process [77]. Folic acid has been used as 
the targeting ligand for the receptor-mediated gene 
delivery to tumor cells. 

Folate-targeted pH-sensitive liposomes entrapping 
polyplexes (folate-LPDn) were capable of highly 
efficient and receptor-specific gene transfer. Folate- 
LPDn particles were prepared by mixing anionic 
liposomes composed of dioleoylphosphatidyl- 
etiianolamine (DOPE)/cholesteryl hemisuccinate 
(CHEMS)/folate-PEG-IX)PE (60:40:0.1. m/m) and 
the cationic DNA/poylysine (1:0.75, w/w) complex- 
es. Vector self-assembly was mediated by charge 
interactions. The resulting vector particles were 
spherical and had a mean diameter of 70-80 nm as 
determined by negative-stain electron microscopy." 
The vector particles could be formulated at a variety 
of anionic lipid/DNA polyplex charge ratios. At low 
lipid/polyplex ratios, the overall charge of the vector 
was positive, cellular uptake and transfection were 
mediated by non-specific charge interaction. Mean- 
while, at high lipid/polyplex ratios, the vector was 
negatively charged and required the presence of a 
targeting ligand and transfected only cells that 
express the corresponding receptor. The negatively 
charged particles were particularly interesting due to 
theu- potential for improved compatibility with blood 
components and tissue-specific targeted gene deliv- 
ery. 

Folate-targeted LPDII vectors carrying a firefly 
luciferase reporter gene driven by the Rous sarcoma 
viral promoter (pRSVL) have been evaluated for 
their in vitro gene transfer activity in cultured KB 
cells. DNA/polylysine polyplexes alone showed 
very little transfection activity.' High transfection 
activities were observed with folate-LPDH vectors 
formed at lipid/DNA ratios of 4, 6, 10, and 12 [77], 
But the transfection activity of only vectors formed 
at high lipid/DNA ratios (10 and 12) could be 



partially blocked by 1 mM free folic acid [77]. 
Complete free folate blocking was not expected since 
these vectors, similar in size to large unilammelar 
liposomes, are likely to interact with FR-bearing 
cells via multivalent binding, resulting m much 
greater cellular affinity. These data suggest tiiat 
tumor cell transfection by folate-LPDII is mediated 
by the FR at lipid/DNA ratios that give anionic 
particles but not at ratios that produce cationic 
particles, due to the presence of overriding charge 
mediated cellular uptake. The transfection activity 
correlates well with the level of '^^Mabeled DNA 
uptake by these same cells [77]. The role of the FR 
was fiirthcr confirmed by di^licating the above 
studies in the receptor-negative CHO cells, where 
transfection was only observed with cationic folate- 
LPDII vectors where i^>take is mediated by charge 
interaction [77]. 

The study fiirther showed that the pH-sensitive 
liposomal composition was essential for the observed 
transfection pattern. pH-sensitive liposomes are gen- 
erally composed of a fiisogenic lipid, usually DOPE, 
and a pH-sensitive component that is anionic at 
extracellular pH but becomes charge neutral at the 
acidic endosomal pH, such as CHEMS. DOPE is a 
cone-shaped lipid molecule that favors the transition 
from bilayer to hexagonal II phase thereby fecilitat- 
ing membrane fusion and/or disruption. This lipid 
phase transition is blocked by the presence of the 
negatively charged CHEMS, Upon protonation at 
endosomal pH, CHEMS becomes uncharged, there- 
fore, can no longer stabilize the bilayer structure and 
allows for DOPE-mediated membrane fusion. Re- 
placing DOPE with the cylindrical lipid DOPC 
completely abolishes transfection activity of the 
folate-LPDn vectors [77]. Also, replacing CHEMS 
with DOPS, a lipid that does not become extensively 
protonated at endosomal pH, eliminates transfection 
activity at high lipid/DNA ratios where negatively 
charged vectors formed [77]. 

The structure of folate-targeted LPDII has been 
studied by negative-stain electron microscopy. The 
vector particles appeared spherical and consist of a 
high electron density core representing the DNA 
polyplex, and a low electron density coat represent- 
ing lipidic components. When dual isotopically 
labeled folate-LPDII particles were fractionated on a 
sucrose gradient, most of the lipid (labeled with ^H) 
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co-migrates with the plasmid DNA (labeled with 
'^^I) as an intermediate density band (DNA poly- 
plexes have high density and liposomes have low 
density). 

Under optimal in vitro conditions, negatively 
charged folate-LPDII vectors are more efficient in 
transfection than lipoplexes and are specific for 
receptor-positive tumor cells. The plasmid DNA in 
LPDU particles is also more optimally condensed 
compared to cationic liposome lipoplexes resulting in 
the formation of smaller and coUoidally more st^le 
particles. The negatively charged LPDD particles 
should also be more compatible with the in vivo 
environment, which is abundant with negatively 
charged components. Compared to anionic liposomes 
containing passively entrapped DNA, LPDII formu- 
lation has the advantage of quantitative DNA m- 
corporation and having high transfection activity 
without the contamination of empty lipid vesicles. 
The main limitation of existing LPDII formulation is 
the high level of serum sensitivity. A possible 
explanation is that the fusogenic activity of DOPE is 
inhibited by the presence of serum. Further improve- 
ments arc needed for LPDII formulations to be used 
for in vivo gene transfer. For in vivo ^plications, a 
potential limitation is clearance by the reticuloen- 
dothelial system (RES); however, this may be par- 
tially overcome by coating vector particles with 
polyethyleneglycol (PEG). This strategy has previ- 
ously been applied to produce longcirculating steri- 
cally stabilized liposomes. 

Folate has also been conjugated to poly- 
ethylenimine (PEI, branched polymer, kDa) 
via a PEG linker. Polyethylenimine (PEI), linear or 
branched, is a cationic polymer ideally suited for the 
formation of compact charge complexes with plas- 
mid DNA. In addition to its DNA condensing 
properties, this polymer also possess endosomallytic 
activities due to its strong buffering capacity at 
endosomal acidic pH. In this study, folate conjugates 
of polyethylenimine were synthesized and eivaluated 
for their ability to mediate receptor-specific gene 
transfer in vitro. The transfection efficiency of the 
folate-PEG-PEI/DNA complexes was highly depen- 
dent on the PEI nitrogen to DNA phosphate (N/P) 
ratio, and was partially receptor-dqpendent [78,79]. 
This conjugate is simpler tiian the LPDII system and 
produces DNA complexes of smaller sizes, therefore. 



may be potentially usefiil for in vivo tumor cell- 
specific gene delivery. 

Furthermore, antisense oligodeoxynucleotides 
have been specifically delivered to tumor cells in 
vitro via direct conjugation to folate [81]. Folate was 
attached to the 3' terminus of an anti-c-fos oligo- 
deoxynucleotide. The cellular uptake in cells, which 
overexpress the PR, was determined to be approxi- 
mately eightfold higher with the folate-conjugated 
oligo compared to the oligo alone. The folate-conju- 
gated oligo also exhibited a much greater tumor 
inhibitory effect 



6. Delivery of protein toxins 

Protein toxin, including plant ribosome inactivat- 
ing proteins and bacterial toxins, have been conju- 
gated to folate and shown to be effectively kill cells 
overexpressing the FR without damaging the sur- 
rounding normal cells [82]. This approach is attrac- 
tive due to the extr^e potency of these toxins to 
cause cell deatL Usually, delivery of a few hundred 
molecules per cell is sufficient to ensure cellular 
death. This is very important for targeted delivery 
systems where the C2q)acity for targeting is limited by 
the number of receptors on the target cell 

Momordin, a ribosome-inactivating toxin, was 
conjugated to folate and was utilized in a co-culture 
with malignant and normal cell lines in vitro [83,84]. 
The momordin-folate treatment resulted in the selec- 
tive killing of the malignant cells without damaging 
the normal cells. The ICjq for the folate conjugates 
was reduced to 10"' M. In addition, die momordin- 
folate did not significantly affect the rate of prolifer- 
ation of the normal cells at the concentrations tested 
[84]. 

Other folate-conjugates, including folate-truncated 
pseudomonas exotoxin and folate-truncated 
diphtheria toxin, have also been shown to selectively 
kill malignant cell lines in co-cultures [85]. 
LysPE38-fi3latc (a truncated Pseudomonas exotoxin- 
folate) conjugate killed malignant cells 6 times &ster 
and 10 times more potent than the momordin-folate 
conjugate [85], This is due to the presence of a 
translocation domain, which allows for the efficient 
endosomal escape of the folate conjugates following 
receptor binding and endocytosis. 
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Folate conjugated protein toxins are significantly 
smaller than the corresponding immunotoxins. This 
should lead to more favorable pharmacokinetics and 
reduced immunogenicity. 

6, L Delivery of immunotherapy agents 

Immunother^y via receptor targeting presents yet 
another promising approach for the treatment of 
tumors. A number of strategies are currendy being 
explored, including the use of hiunanized anti-FR 
antibody, chimeric anti-FR transfected tumor-infil- 
trating lymphocytes, bispecific antibodies against the 
T-cell receptor, and interleukin-2 fiision proteia 

Monoclonal antibodies directed against tumor-as- 
sociated antigens have been shown to mediate lysis 
of tumor cells by effector immimocytes, such as 
macrophages, natural killer cells or monocytes. 
Humanized chimeric antibodies are often used in- 
stead of murine antibodies due to the variable Fc 
receptor affinity and undesirable human anti-mouse 
antibody (HAMA) response associated with the use 
of murine antibodies. 

Humanized chimeric M0vl8 and MOvl9 mono- 
clonal antibodies were generated and evaluated for 
lytic activity against FR-positive tumor cells [86]. 
An equal amount of lysis of the target ovarian cancer 
ceD line (IGROVl) resulted when murine M0vl9 
was compared to the chimeric M0vl9. Chimeric 
MOvlS resulted in higher levels and more consistent 
tumor lysis than murine MOvlS. The chimeric 
analogs were found to bind FR with similar affinity 
and only one chimeric antibody was required p«" FR 
to achieve effective cell kill [86]. 

A chimeric MOvlS antibody /T-ccU receptor con- 
struct, which consists of T-ccll receptor-transmem- 
brane and signaling chains fused to the variable 
domains fi-om the MOvlS monoclonal antibody, was 
also evaluated for tumor immunotherapy [44]. 
C57BL6 mice carrying FR transfected 24JK-FBP 
cells were treated with tumor-infiltration lympho- 
cytes transfected with the above chimeric construct 
[44]. A significant increase in survival resulted in 
mice treated with MOv-TIL (tumor-infiltrating lym- 
phocytes) over those treated with saline, nontran- 
sduced TIL, or TIL transduced with a control anti- 
trinitrophenol chimeric receptor gene. MOv-TIL 



treatment also resulted in fewer lung metastases in 
mice injected intraveneously with tumor cells [44], 
MOvl8-derived bispecific antibodies have also 
been investigated for potential use in tumor inununo- 
therapy. Bispecific antibody OC/TR were con- 
structed using MOvlS (recognizing the FR) and a 
monoclonal antibody against the T cell receptor 
(recognizing CDS). T lymphocytes retargeted using 
f (ab')j fi^gments of the bispecific monoclonal anti- 
body OC/TR have been shown to lyse ovarian 
carcinoma cells [87,88]. In a clinical trial, the 
treatment of in vitro-activated autologous peripheral 
blood T lymphocytes retargeted with OC/TR com- 
bmed with IL-2 were evaluated in 19 patients with 
ovarian cancer for potential then^utic efficacy. 
Complete response, complete intraperitoneal re- 
sponse, stable disease, and progressive disease was 
shown in 3, 1, 7, and 5 patients, respectively. 
Complete responses lasted from 18 up to 26 months. 
In addition, the HAMA response was evident at the 
end of treatment in 21 of 25 patients; however, 
tumor regression was evident in this study when the 
bi-specific antibody-retargeted T lymphocytes were 
used [88]. 

Folate conjugated anti-T-cell receptor antibody 
fragment has been evaluated as an alternative to 
bispecific antibodies. The folate conjugate is smaller 
in size, easier to prepare, and is highly potent in 
mediating the lysis of tumor cells, which express 
eitfier FR isoform [89,90]. The affinity of fliese 
folate/ anti-T-cell receptor conjugates is found to be 
only one-tentii of the affinity of fiee folate [90]. 

Finally, interleukin 2 (IL-2) has been fiised to a 
single-chain Fv of MOvl9. This construct has been 
shown to specifically accumulate in tumors in a 
mouse tumor model and exhibit significant antitumor 
activity [91]. This ^proadi provides local delivery 
of IL-2 without causing systemic toxicity. 



7* Summary 

In addition to the above mentioned areas, folate 
has been used in the targeting of chemotherapeutic 
agents [92] and paramagnetic magnetic resonance 
imaging contrast agents [91] with very promising 
results. 
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Efficacy of targeted drug delivery is greatly affect- 
ed by the size of the drug conjugate or drug carrier. 
Larger constructs are often immunogenic, prone to 
RES uptake, have prolonged systemic circulation 
time, slow to extravasate, and exhibit significant 
passive targeting effects in solid tumors. Therefore, 
in order to achieve high tumor to normal tissue 
ratios, low molecular weight conjugates are greatly 
preferred For the targeted delivery of large particles 
such as liposomes and gene transfer vectors, it is 
often difficult to demonstrate a significant increase in 
overall tumor accumulation. Targeting nonetheless 
may be beneficial at the cellular and/or subcellular 
level. 

Folate as a targeting ligand offers many potential 
advantages over macromolecules such as monoclonal 
antibodies. These include: (1) small size of the 
targeting ligand, which often leads to favorable 
pharmacokinetic properties of the folate conjugates 
and reduced probability of immunogenicity thus 
allowing for repeated administration; (2) convenient 
availability and low cost; (3) relatively simple and 
defined conjugation chemistry; (4) high receptor 
affinity and lack of normal tissue receptor expres- 
sion, thus high tumor tissue specificity; (5) the 
receptor/ ligand complex can be induced to internal- 
ize via endocytosis, which may facilitate the cyto- 
solic delivery of therapeutic agents, and (6) high 
fi:^uency of overexpression among human tumors 
thus a wide range of tumor targets. Therefore, folate- 
based targeting systems show great potential for 
future clinical diagnostic and therapeutic applica- 
tions. 
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Background/Purpose: Apoptosis, or programmed cell death, 
is essential in maintaining normal homeostasis of tissues. 
The process of apoptosis is controlled by numerous pro- and 
antiapoptotic factors. Variations in expression of such factors 
may account for some variations in tumor behavior. This 
study evaluates the expression of apoptotic mRNA species in 
pediatric renal tumors to determine whether a pattern of 
differential apoptosis gene expression correlates with tumor 
grade and type. 

/Vfef hods; Twenty-five frozen tissue specimens were obtained 
from patients undergoing biopsy or resection of pediatric 
renal tumors before chemotherapy: Wilms' tumor stage II 
(WT-II, n = 4); Wilms' tumor stage lll/IV (WT-III/IV, n = 4); clear 
cell sarcoma of the kidney stage III (CCSK, n = 2); rhabdoid 
tumor of the kidney stage III/IV (RTK, n = 4); and normal 
kidney (NIC n = 11). An RNase Protection Assay (RPA) was 
performed for 19 pro- and antiapoptotic mRNA species to 
detect and quantify expression (percentage of GAPDH ex- 
pressed). Expression of specific mRNAs of interest were 
confirmed by Western Blot (WB). 

Results: The expression of apoptotic mRNA species varied 
markedly between tumors. WTII expressed greater amounts 



of proapoptotic receptor mRNA than CCSK or RTK. (Fas. 

17.0 ± 2.7% V 2.5 ± 0.5% v 3.3 ± 0.9%; P < .02; DR5, 77.0 ± 
8.8% V13.5 ± 0.5% V27.0 ± 4.8; P< .001; TNF-R, 71.3 ± 17,0% 
V 21.0 ± 4.0% V 29.0 ± 5.0%; P< .07, respectively). Surpris- 
ingly, antiapoptotic factors (eg, bci'2 and bcl-x\) were not 
overexpressed in poor prognostic tumors (CCSK, RTK| com- 
pared with those with good prognosis (WT). Expression of 
TRAIL (a ligand for DR4 and DR5) was significantly lower in 
CCSK and RTK than in normal kidney (9.5 ± 1.5% v 

56.1 ± 10.1%; P= .01). 

Conc/us/ons: Proapoptotic receptors are expressed at greater 
levels in good prognostic tumors, and this finding is compat- 
ible with their clinical behavior. Knowledge of differential 
apoptotic gene expression is of potential value in predicting 
prognosis and treating such tumors with targeted ligands. 
J Pediatr Surg 35:390-395, Copyright o 2000 by W.0. Saun- 
ders Company 

INDEX WORDS: Wilms' tumor, dear cell sarcoma of the 
kidney, rhabdoid tumor of the kidney, apoptosis, pediatric 
renal tumors. 
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WILMS' TUMOR is the most common primary 
malignant renal tumor of childhood and accounts 
for 5% to 6% of all childhood cancers in the United 
Stales. The survival rate of Wilms' tumor stage II and 
stage lU/IV are 92.2% and 73%, respectively.* Clear cell 
sarcoma of the kidney (CCSK) and rhabdoid tumor of the 
kidney (RTK) are other malignant pediatric renal tumors 
that show aggressive behavior and poor prognoses. The 
6-year relapse-free survival rate of CCSK is about 60%,^ 
and only 10% of patients with RTK survive despite 
aggressive antitumor therapy.^ 

Apoptosis, or programmed cell death, is the process by 
which activated cells undergo a suicide program that 
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results in individual cell death. This is a highly orches- 
trated process in which cells neatly commit suicide by 
destroying themselves in a regulated fashion. Apoptosis 
is a normal physiological process that occurs in the 
developing embryo as well a& in mature animals during 
tissue turnover and during down-regulation of an immime 
response. Proper regulation of this process is essential for 
normal homeostasis and tissue development^-^ An aberra- 
tion in the process of apoptosis may contribute to the 
pathogenesis of cancer. 

A depletion of proapoptotic (death) factors or an 
abundance of antiapoptotic (survival) mediators, could 
result in failure of dividing cells to undergo apoptosis and 
contribute to tumorigenicity. Proapoptotic proteins such 
as Fas, Fas-L, TNFR, TRAIL, DR4, DR5, Bax, Bix, Bak, 
and Bcl-xs induce apoptosis by either signaling for the 
activation of proteolytic enzymes called caspases that 
destroy the cell, or by blocking inhibitors of apoptosis.* 
Antiapoptotic proteins such as Bcl-2, Bcl-xl, and mcl-1 
inhibit adapter molecules needed for activation of caspases 
during apoptosis and hence prolong cell survival.'' 

The balance between pro- and antiapoptotic genes may 
be critical to the behavior and survival of tumor cells. 
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Variations in expression of such factors may account for 
some of the variations in tumor behavior observed 
clinically. This study evaluates the expression of apop- 
totic mRNA species in pediatric renal tumors to deter- 
mine whether a pattern of differential apoptosis gene 
expression correlates widi tumor stage and type. 

MATERIALS AND METHODS 
Tissue Collection 

Twenty-five frozen tissue kidney biopsy or resection specimens were 
obtained from pediatric patients with renal tumors before chemotherapy 
at the University of Iowa Hospitals & Clinics and from the National 
Wilms Tumor Study Group (NWTSG) tissue bank. Tissue specimens 
were grouped according to clinical stage of disease and tumor type: 
Wilms* tumor stage U (WT-II, n - 4). Wilms* tumor stage HMV (WT 
mnv, n = 4). clear cell sarcoma stage HI (CX:SK. n = 2). riiabdoid 
tumor of the kidney stage lU/IV (RTK, n = 4). and normal adjacent 
kidney (NK, n = 1 1). All protocols and tissues harvested were approved 
by our Institutional Review Board. 

RNase Protection Assay 

RNasc Protection Assay <RPA) is a highly sensitive and specific 
procedure that allows for simultaneous detection and quantification of 
multiple mRNA species. RRA was used to detect and quantify 19 
diflFcrem mRNA apoptotic species expression with 2 human template 
probe sets, hApo-2 and hApo-3c, (The RiboQuant Multi-probe protec- 
tion assay system; Pharmingcn, San Diego. CA). The probe set hApo-2 
includes 8 i»c/-2-related gene templates including bcl xl bcl-xs, bfl-l, 
bik, bak, box, bcl-2, and mcM. The hApo-3c probe set includes U 
proapoptotic and tumor necrosis factor family-related gene templates, 
namely, caspasc-8, Fas-U Fas, DCRl. DR3, DR5, DR4, TRAIL, 
TNFRpSS, TRADD, andRIE 

After isolating RNA from the tissues of interest, the antisense RNA 
probe was hybridized in excess to target RNA in-solution. Free probe 
and nonhybridizcd single su-andcd RNA arc digested with RNases. 
Phosphorus P32-labeled anUsense RNA was transcribed using T7 RNA 
polymerase (Pharmingen) and (a-"p]UTp (Amereham Life Science, 
England). Total RNA was extracted from tissue using TRIZOL (Gibco 
Life Technologies, MD). Fourteen to 16 pg of total RNA was hybridized 
with the 32p.iabeled RNA probes, which were transcribed from hApo-2 
or hApo-3c multiprobes (DNA templates) at 56°C overnight* followed 
by digestion with a 1:417 dilution of RNase **cocktail" (RNase A:T1 
mUture; Pharmingen) for 45 minutes at 30°C. Single-stranded and 
unhyhridized excess mRNA was digested by the RNase cocktail. The 
protected double-stranded RNA pellets were dried and resuspended in 5 
pLof IX loading buffer (Pharmingen). and electrophoretically resolved 
on 5% polyaciylaraide. 8 mol/L urea gel. The polyacrylamide-urca gel 
was dried on blotting paper for 1 hour at 8(y»C. The labeled probes were 
then quantified by autoradiography by exposing the blotting paper to 
BIO MAX FILM (FCodak, NY) with an intensifying screen (Kodak) for 
20 hours at 80X. 

Radioanalytic Imaging 

For comparaiivc analysis, we quanufied mRNA species expression as 
a percentage of mRNA GAPDH expression. RadioacUvity of each band 
in the sample was quantified, standardized, and compared with GAPDH 
expression of that sample. Radioactivity of each template was quanti- 
fied directly from the gel by a radioanalytic imaging system (AMBIS 
4000. AMBIS Inc. San Diego, CA) equipped with AMBIS (JuantProbc 
Software Version 3.0 for 1 ,000 minutes. Net counts were obtained from 
each template (band), including GAPDH, and the radioactive ratio of 
each mRNA to GAPDH was calculated. 



Western Blot for Fas Receptor Protein Expression 

The standard technique of Western Blot (WB) was performed.' 
Briefly, tissue lysatc proteins from WT stage H (n = 2). RTK (n = 1). 
and NK (n = 2) were isolated by solubilizing in RlPA buffer (I % Triton 
X-10. 1% Deoxycholate [DOC], 0.1% sodium dodecyl sulfate [SDSJ. 
50 mmol/LTris-HQ [pH 7.4], 150mraol/LNaCI, 0.5 mnK)l/LNa3V04! 
5 mmoI/L EDTA). and protease inhibitors; leupepfin (20 pg/mL RlPA)! 
phcnylmethylsulfonyl fluoride (PMSF 20 pg/mL RffiA). The proteiil 
content was equilibrated between samples by using the Lowry protein 
assay to quantify protein isolated.' SubsequenUy. 120 pg of total protein 
from each specimen was electrophoreticany resolved on SDS- 
containing 8% polyacrylamide gels. Separated proteins were then 
transfenned to a nitroceUulose membrane at 210 mAmps for 4 hours. 
Membranes were blocked using 5% skim milk in TVis-buffcrcd saline 
(TBS), supplemented with 0.1% Tween-20 (TBS-T). overnight at 4°C 
The nitrocellulose membrane was rinsed with TBS-T and incubated for 
1 hour at room tempcranirc in a sealed bag with l.O pg/mL of the 
antihuman Fas rabbit polyclonal antibody (Santa Cruz Biotechnology 
Inc. Santa Cruz. CA) in 5 mL of 5% dry milk in TBS-T. Bound antibody 
was detected with a 1:2500 dilution of horseradish peroxidase (HRP)- 
labeled goat antirabbit IgG secondary antibody (SIGMA. MO). Bands 
denoting Fas expression were viewed after developing on radiographic 
plates by enhanced chcmilumincscencc (ECL; Amcrsham, Ariington 
Heights. IL). 

Data Analysis 

Percent gene expression was compared between the groups using 
one-way analysis of variance (ANOVA) for Fas, DR4, DRS, TNFR, 
TRAIL and ^c/-2. The square root transformation was applied to Fas 
and TNFR, and the namral logarithm transformation was applied to 
Bcl'2 and TRAIL before analysis to stabilize Uie variance among the 
groups or to normalize the data distribuuon. A noi^)arametric test 
(Kruskal-Wallis test) was appHed to Box and 5c/-xL because no suitable 
transformation was found. If the one-way ANOVA F-test or the 
Kruskal-Wallis test was significant, pairwisc comparisons between the 
groups were performed. To adjust for the multiple tests. Bonferroni's 
metfiod was used, and the adjusted P values less than .05 were 
considered sutistically significant 

RESULTS 

To determine if an association between apoptosis 
genes and tumOT stage and type existed, we categorized 
the apoptosis mRNA species studied into 2 groups, 
namely proapoptosis and antiapoptosis species. Compari- 
sons were made between the different tumor types and 
clinical stages of disease (WT II [n = 4] v WT milV 
[n = 4] V CCSK ni [n = 2] v RTK HI/IV [n = 4] v NK 
(n = 11]) and between groups of tumors (WT [n = 8] v 
CCSK/RTK [n - 6] V NK [n =11]). 

Proapoptosis Genes 

Concerning the proapoptosis mRNA species, all 15 
(M-xs. biK bak, bax, caspase-8, Fas-L, Fas, DCRl, 
DR3, DR5, DR4, TRAIL, TNFRp55, TRADD. and RIP) 
were detected in ail samples at different intensities (Fig 
1). Six species of interest reflecting the proapoptotic 
pathways were selected for statistical analysis based on 
their gross differences in expression {box. Fas, DR5, 
DR4, TRAIL, and TNFRp55), 
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Rg 1 . Sample RPA of tissues evaluatine proapoptotic (TNF related 
family) mRNA species. The radioactivity of each band (mRNA specie) 
is calculated and quantified as a percent of GAPDH expressed. 




sion(71.3 ± 16.9%) compared with CCSK (21.0 ± 4.0%; 
P = .058) and RTK (29.0 ± 5.0%; P = .07). 

TRAIL The expression of TRAIL mRNA (proapop- 
totic ligand) was significantly lower in CCSK/RTK 
(9.5 ± 1.5%) compared with NK (56.1 ± 10,1%; = 
.01). Normal kidney adjacent to benign mesoblastic 
nephroma or normal kidney with unrelated disease had 
lower TRAIL expression (13.7 ± 3.7%) than normal kidney 
adjacent to (XSK and RTK (74.0 ± 13,0%; P = .02). 

Box. CCSK/RTK had greater expression of Bax 
(39.8 ± 6.7%) compared with NK (12.9 ± 2,0%; 
P = .003). WT-n (32.3 ± 5.4%; P = .049) and RTK 
(41.8 ± 10.2%; P = .009) had significanUy greater ex- 
pression of Bax mRNA compared with NK( 12.9 ± 2.0%). 

DR4, There was no difference in mRNA DR4 expres- 
sion. (WT stage D, 19.0 ±2.1%; WT stage m/IV, 
15.8 ± 1.5%; CCSK, 6.0 ± 1%; RTK, 12.8 ± 3,0%; and 
NK, 13.8 ± 2.1%; P=:.l). 

In general, these results show that proapoptotic media- 
tors are more abundantly expressed in tumors with a 
better stage and prognosis. These findings imply that such 
tumors have the machinery in place that will allow for die 
process of apoptosis (Fig 2). 

Antiapoptosis Genes 

All 4 antiapoptosis gene mRNA species {bcl-xX, bfl-\, 
bcl-2 and mcl-l) were detected in all samples at different 
intensities and of those, ^c/-xl and bcl-2 were compared 
(Fig 3). 

bcl-2. Surprisingly, this inhibitor of apoptosis was 
expressed at significantly lower levels in poor prognostic 
tumors (CCSK/RTK 8.5 ±2.1%) compared with NK 
(14,5 ±0,5%; />=.03). RTK also had significantly 
lowerexpression of bcl-2 mRNA (5.3 ± 0.9%) compared 
with WT II (15,0 ±3,6%; P = .02), WT III/IV 



Fas. WT stage Il/in/IV showed greater expression 
(13.1 ± 2,8%) compared with CCSK/RTK (3.0 ± 0.6%; 
P- .01) and tended to be greater than NK (5.6 ± 0.9%; 
P = .09). WT-II, had the greatest expression of Fas 
mRNA (17.0 ± 2,7%) compared widi WT ni/IV 
(9.3 ± 4.3%; P = .2), CCSK (2.5 ± 0.5%; P = .015), 
RTK (3.3 ± 0.9%; P = .004) and NK (5.6 ± 0.9%- 
P = .008). 

DR5. WT stage ll/ni/IV expressed greater amounts 
(59. 1 ± 8. 1%) compared widi CCSK/RTK (22.5 ± 4.2%; 
P = .008) and NK (25.8 ± 4.3%; P = .004). WT-H had 
the greatest expression of DR5 mRNA (77.0 ± 8.8%) 
compared with WT-III/IV (41.3 ± 3.6%; P = .019). 
CCSK (13.5 ± 0:5%; P - .0003), RTK (27.0 ± 4.8%i 
P == .0005) and NK (25.8 ± 4.3%; P < .0001). 

TNFRp55. WT-II tended to have the greatest expres- 
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TNF-R 



Rg 2. Differences in Fas. DRS and TNF-R mRNA expression in 
normal kidney (Nomialh Wilms' tumor Stage tl (WTHK Oear cell 
Sarcoma Stage HI (CCSK). and Rhabdoid tumor of the kidney stage 
in/IV (RTK). Note that in each case, WT has the greatest expression of 
the mRNA of Interest. 
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Fig 3. Sample RNase Protection Assay (RPA) of tissues evaluating 
frc#-2-retated family mRNA species. The radioactivity of each band 
(mRNA specie) Is calculated and quantified as a percent of GAPDH 
expressed. 

(13.8 ± 2.3%; P = .024), CCSK (15.0 ± 0.%; P = ,04), 
and NK (14.5 ± 0.5%; P = .001). 

bcl-xL There was no difference in bcl'X\ mRNA 
expression between the various stages or type of renal 
tumors (P = .2). The lower expression of the antiapop- 
tcrtic factor Bcl-2 in RTK (which carries the worst prognosis) 
was initially surprising considering previous literature 
reports.'** However, in the absence of significant levels of 
proapoptotic gene expression, the need for abundant 
expression of antiapoplotic factors may be redundant. 

Western Blot for Fas and Bcl-xl Proteins 

To determine if greater mRNA expression delected by 
RPA translated into greater protein expression, we selec- 



tively performed WB of Fas expression from NK, WTII, 
and RTK. WB showed a positive Fas band at 45 kDa in 
WTn, which was far brighter than expression in NK or RTK 
Hiis helped in verifying the accuracy of RPA analysis (Fig 4). 

DISCUSSION 

Apoptosis gene expression may contribute to the 
viability of tumors and may account for their varied 
clinical behavior. If such a concept were true, predicting 
the prognosis of tumors would be dependent on their 
biology, and treatment could be tailored to block or 
stimulate specific apoptotic factors of interest. The cur- 
rent study was undertaken to explore whether variations 
in apoptotic gene expression correlate with stage and type 
of pediatric renal tumors. 

Despite the relatively small numbers in this study, it 
was clear that WT-stage n (in general a good prognostic 
tumor) expressed proapoptotic mRNA species more 
abundantly than CCSK or RTK. 2 tumors of worse 
prognosis. Specifically, Fas, DR5 and TNF-R, represent- 
ing a family of "death receptors," were all expressed at 
greater levels in Wilms' tumor stage D. These cell surface 
receptor proteins bind to specific ligands (Fas-L, TRAIL, 
and TNF, respectively) that induce activation of proteo- 
lytic enzymes called caspases. The caspase cascade 
disassembles and ultimately destroys the cell.* Relating 
prognosis to expression of proapoptotic receptors is an 
appealing theory, because both cytotoxic T lymphocytes 
(CTL) and natural killer (NK) immune surveillance cells 
use such ligands for killing of target cells. ^'-^^ Further- 
more, TNFR-1, Fas, DR3, and DR4 are activated on 
overexpression in a ligand-independent manner and may 
spontaneously induce apoptosis.'^'* 

The mRNA of DR5 is detected in several normal 
human tissues, and the amount of DR5 transcription is 
reported to be 100-fold more in most tumor cell lines than 
in normal tissues.*' The expression of DR4 or DR5 in 
tumors of poor prognosis was no different to that of 
normal kidney in the current study, whereas expression of 
DR5 in WT II was about 3-fold greater. Hie ligand for 
DR4 and DR5 (TRAIL, TNF related apoptosis-inducing 
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Rg 4. Western Blot (WB) analysis of selected samples looking at 
Fas protein expression. The differential expression of protein de* 
tected by WB correlated with the differential expression of mRNA 
detected by RPA. Note the absence of Fas bands in the normal Iddney 
(NK) and rtiabdold tumor of the Iddney (RTK) lanes^ with bright bands 
in the Wilms tumor stage (1 (WTII) lanes. This observation verifies the 
accuracy of RPA results. 
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ligand) is shown to induce killing of several tumor cell 
lines, thus expression of these receptors may have 
therapeutic implications,*^ 

The balance between expression of apoptosis-inducing 
receptors and their ligands may regulate cell susceptibil- 
ity to undergoing apoptosis.^' We have shown that 
overexpression of Fas-L induces apoptosis in Fas- 
expressing HepG2/C3A hepatoblastoma cell lines by 
inducing cell suicide (Unpublished data). Fas-L was 
barely detectable in any of the tumor specimens exam- 
ined, thus, diis suicide effect is probably inconsequential. 
However, TRAIL, along with its receptors, was ex- 
pressed in many of the tumors at relatively high levels. 
The balance between TRAIL and DR4/DR5 receptors 
potentially could have a regulatory effect on apoptosis in 
these tumors. It is of interest to note that normal kidney 
had a nearly 10-fold greater expression of TRAIL than 
adjacent CCSK or RTK. Although purely conjectural, this 
phenomenon may be a defensive response of the normal 
kidney to invasion of the adjacent tumor. Comparatively 
high levels of expression were not seen in normal kidney 
biopsied from unrelated disease or when benign mesoblas- 
tic nephroma was the adjacent tumor. 

Bcl-2 and Bcl-xL are antiapoptosis proteins localized 
to the outer mitochondrial membrane, endoplasmic retic- 
ulum, and nuclear membranes of cells. These factors 
suppress apoptosis and allow proliferation and prolonged 
survival that may explain tumor cell viability. Although 
bcl'l is one of the most noted antiapoptosis genes, the 
correlation between bcl-2 overexpression and tumor 
behavior is uncertain. Conflicting studies are reported in 
neuroblastoma, a childhood malignancy of neurogenic 
origin. Overexpression of bcl-1 is said to correlate with 
tumor progression, poor prognosis, and unfavorable 
histology,'0>20 whereas another study suggests that bcl-2 
expression is associated with favorable histology.21 De- 
spite these reports, the expression of bcl'2 or M-xL 
mRNA did not show any correlation between renal tumor 



type, stage of disease or normal kidney in our study. The 
lower expression of the antiapoptotic factor Bcl-2 in RTK 
(which carries the worst prognosis) seems inconsistent, 
but in the absence of significant levels of proapoplotic 
gene expression, the need for abundant expression of 
antiapoptotic factors may be redundant 

Proapoptosis {box, bik, bak and bcl-xs) and antiapopto- 
sis (^c/-2, bcl'Xl, bft'l, mcl-l) activity is different among 
bcl-2 gene-related family members.^ However, there was 
no association between the ratio of pro- to antiapoptotic 
i»c/-2-related mRNA species in the tumors studied. Bcl-2 
inhibits apoptosis induced by the tumor suppressor gene 
pii. 23.24 Consequentiy, the role of bcl-2 in such tumors 
cannot be completely imderstood without studying the 
associated expression of p53. 

To determine whether differences in mRNA expression 
detected by RPA translated into differences in actual 
protein expression, we examined Fas protein expression 
by WB and compared its expression witii RPA results for 
several tumors and normal kidney. The differences noted 
between tumors and normal tissue by RPA were con- 
firmed in that we found Fas followed the same differential 
pattern of protein expression. Tliis finding helped verify 
tile accuracy of the results obtained by RPA analysis. 

In general, these findings show that proapoptosis genes 
are expressed at greatest levels in good prognostic renal 
tumors, whereas expression is less in normal kidney and 
lowest in poor prognostic tumors. This suggests that good 
prognostic tumors may readily undergo ^ptosis, whCTeas 
diminished expression of apoptosis genes in normal 
mature tissue may reflect a state of senescence. Poor 
prognostic tumors are rapidly prohferating. independent 
of proapoptotic mediators. 
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Little is known about the molecular mechanisms 
that control adrenomedullin (AM) production in hu- 
man cancers. We demonstrate here that the ex- 
pression of AM mRNA in a variety of human tumor 
cell lines is highly induced in a time-dependent 
manner by reduced oxygen tension (1 % OJ or ex- 
posure to hypoxia mimetics such as desferrioxam- 
ine mesylate (DFX) or C0CI2. This AM expression 
seems to be under hypoxia-inducible factor-1 
(HIF-1) transcriptional regulation, since HIF-1a and 
HIF-1^ knockout mouse cell lines had an ablated 
or greatly reduced hypoxia AM mRNA induction. 
Similarly, inhibition or enhancement of HIF-1 activ- 
ity in human tumor cells showed an analogous 
modulation of AM mRNA. Under hypoxic condi- 
tions, immunohistochemical analysis of tumor cell 
lines revealed elevated levels of AM and HIF-1 a as 
compared with normoxia, and we also found an 
increase of immunoreactive AM in the conditioned 
medium of tumor cells analyzed by RIA. AM mRNA 
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Stabilization was shown to be partially responsible 
for the hypoxic up-regulated expression of AM. In 
addition, we have identified several putative hyp- 
oxia response elements (HREs) in the human AM 
gene, and reporter studies with selected HREs 
were capable of enhancing luciferase expression 
after exposure to DFX. Furthermore, transient co- 
expression of HIF-1 a resulted in an augmented 
transactivation of the reporter gene after DFX 
treatmenL Gh^en that most solid human tumors 
have focal hypoxic areas and that AM functions as 
a mitogen, angiogenic factor, and apoptosis-sur- 
vival factor, our findings implicate the HIF-1/AM 
link as a possible promotion hiechanism of carci- 
nogenesis. (Molecular Endocrinology 14:848-662, 
2000) 



INTRODUCTION 

Adrenomeduiiin (AM) is a recently discovered hypo- 
tensive peptide Isolated from a human pheochromo- 
cytoma (1). The cDNAs for human, rat, mouse, pig, and 
cow AM have been cloned and the genomic organi- 
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zation profile for human and mouse identified (2, 3). 
This peptide has been shown to mediate a multifunc- 
tional response In cell culture and animal systems that 
includes regulation of cardiovascular tone, bronchodi- 
lation, modulation of central brain function, natriuretic 
and diuretic action, antimicrobial activity, inhibition of 
hormone release, growth regulation, apoptosis sur- 
vival, and Induction of angiogenesis (see review In 
Refs. 4-6). 

Several prior reports have demonstrated AM and Its 
corresponding receptor (AM-R) to be ubiquitously ex- 
pressed during embryogenesis and carcinogenesis. 
Early In both mouse and rat fetal development AM/ 
AM-R are first detected in the heart, and then they 
appear progressively In other anatomical sites during 
organogenesis (7, 8). Maternal decidual cells and em- 
bryonic cells (fetal cytotrophoblast giant cells) of the 
ectoplacental cone, a site that mimics the invasion 
process of carcinogenesis, also show abundant ex- 
pression of AM/AM-R (8. 9). After its initial identifica- 
tion In a human pheochromocytoma, further studies 
have demonstrated increased AM expression in tumor 
tissue of ganglioneuroblastoma, neuroblastoma, and 
adrenocortical carcinomas (10, 11). In addition, AM 
plasma levels are elevated in patients with gastroin- 
testinal or lung cancer (12). Our group has shown that 
AM and AM-R are expressed in human tumor cell lines 
of the lung, breast, colon, ovary, prostate, brain, car- 
tilage, and blood (13). In several of these lines, AM 
functioned as an autocrine proliferation factor whose 
effect could be Inhibited by a neutralizing monoclonal 
antibody (MoAb-G6) causing growth cessation in vitro 
(13). Recently, it has been shown that hypoxic condi- 
tions or exposure to C0CI2 (a transition metal that 
mimics hypoxia) induces an increase in AM mRNA 
expression and protein production in a human colo- 
rectal carcinoma cell line, DLD-1 (14). 

Focal areas of low oxygen tension (<2.0% are 
Inherent to the biological processes of embryogene- 
sis, wound repair, and carcinogenesis (15-17). A state 
of diminished free oxygen availability results when re- 
gional growth demands exceed the oxygen supply of 
the capillary bed (15). Under such conditions, an ox- 
ygen-sensing mechanism activates a transcription 
factor known as hypoxia-inducible factor-1 (H!F-1), 
which in tum up-regulates a series of genes that sup- 
port the cell to compensate for the potentially lethal 
microenvironment (18). HIF-1 is a heterodimer com- 
posed of HIF-1a and HIF-1 /3/ARNT (aryl hydrocart>on 
receptor nuclear translocator) subunits. both repre- 
senting members of the PAS (Per, ARNT, Sim) basic- 
helix-loop-helix family (18). Transcription/translation 
products of HIF-1 a and HIF-1 ^ are constitutively ex- 
pressed; however, the HIF-1 a protein contains an 
oxygen-dependent degradation domain that is rapidly 
cleaved by the ubiquitin-proteasome pathway under 
normoxic conditions, thus enabling the modulation of 
HIF-1 activity in an oxygen-dependent manner (19). 
Genes transactivated by HIF-1 Include aldolase A, 
enolase 1, erythropoietin (Epo), glucose transporter 1, 



heme oxygenase 1, inducible nitric oxide synthase, 
lactate dehydrogenase A, phosphofructokinase L, 
phosphoglycerate kinase 1, transferrin (Tf), vascular 
endothelial growth factor (VEGF), and endothelin-1 
(ET-1) (18, 20). Low oxygen tension is known to play a 
critical role in embryonic development, causes the 
emergence of drug/radiation-resistant tumor, cells, en- 
hances mutagenesis of neoplastic lesions, and ele- 
vates metastatic potential of the tumor (15. 21-24). 

The way AM gene expression is regulated in human 
tumors is not yet known, but a decrease in oxygen 
tension could be a major cause for the induction of this 
molecule. In our present study we actually demon- 
strate the ability of hypoxia and hypoxia mimetics to 
up-regulate the AM message and protein expression 
in a variety of human tumor cell lines. We also made 
use of both molecular and biochemical characteriza- 
tion approaches to support that this induction is me- 
diated by transactivation of the AM promoter by HIF-1 
transcription factor as well as posttranscriptional 
mRNA stabilization. 



RESULTS 

AM mRNA Induction in Human Tumor Cell Lines 
under Hypoxic Treatments 

Northern analysis for AM mRNA expression in a 
variety of human tumor cell lines (cancers of the 
lung, breast, colon, ovary, prostate, bone, and 
blood) demonstrated a consistent increase in mes- 
sage induced by exposure to 1 % O2, desferrioxam- 
ine (DF)q, or C0CI2. All 17 cell tines evaluated in this 
manner showed inducible AM expression, and Fig. 1 
illustrates a representative example of the observed 
responses to our test conditions (6 h exposure to 
100 fjLM G0CI2, 6 h exposure to 260 fiM DFX or 12 h 
exposure to 1% O2). Interestingly, although there is 
variability of expression in the basal AM mRNA lev- 
els between cell lines [the two pulmonary cancer cell 
lines NCI-H1264 (adenocarcinoma) and NCI-H157 
(squamous cell carcinoma) being the opposing ex- 
tremes], all tumor cell lines show increases in AM 
message expression on exposure to our hypoxic 
test conditions, with calculated test/basal ratios 
ranging from 1 .3- to 25-foId. 

We have used MCF7 (breast adenocarcinoma) as 
our standard human cancer cell line for all time course 
studies with exposures to C0CI2. DFX, or 1% O^. 
Figure 2. A-C. demonstrates the induction of AM mes- 
sage at different time increments over a 24-48 h ex- 
posure series. Note that although CoClg exposure 
causes AM mRNA levels to reach a maximum at 8 h, 
both DFX and 1 % O2 induced an AM message zenith 
at 12 h. indicating a potential mechanistic difference 
between test reagents. Induced maximum levels of 
AM message are maintained with all the hypoxia treat- 
ments tested at 24 h of exposure, and even elevated 
levels are still observed at 48 h of exposure to 1 % O2. 
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Rg, 1, Up-Regulation of AM mRNA in Several Human Tumor Cell Lines under Hypoxic Treatments 

Northern blot analysis for AM of cells exposed either to hypoxia mimetics (100 fiM C0CI2, 260 /xm DFX) for 6 h. or to a 
hypoxic atmosphere (1% O2, 5% CO2, 94% N2) for 12 h. as compared with untreated cells. Cell lines shown here were 
selected from a total of 17 cell lines tested and also chosen as representatives of the main human tumor types: carcinomas 
of the lung (N417d, H1264, H157), breast (H2380), colon (SNUC-1), ovary (K-OV-3). prostate (DU 145), or chondrosarcoma 
(HTB-94). Fifteen micrograms of total RNA were loaded per lane, and ethidium bromide staining of 28 S rRNA was used to 
check for equal loading and RNA integrity. 



Of the three treatments, exposure to 1 % O2 is the one 
that shows a steeper induction of AM mRNA over time, 
and also more dramatic increases between the basal 
and the maximum induction are observed (>25-fold 
increase between maximum induction and baseline 
levels). 

We have also performed a parallel analysis for 
HIF-1a mRNA in MCF7 cells throughout the hypoxic 
studies. HIF-1 a transcript levels remained constant or 
showed a slight decline over time in the C0CI2 and 1 % 
O2 time course studies (Fig. 2. A and C). TTiis obser- 
vation Is in accordance with other reports indicating 
that HIF-1 a is mainly regulated not at the transcrip- 
tional level but by protein stabilization In hypoxia, 
whereas the protein is rapidly degraded by the 
ubiquitin-proteasome pathway during normoxic con- 
ditions (19. 25), 

Under Hypoxic Conditions, AM Is Also Induced at 
the Protein Level 

To address whether the induction of AM mRNA was 
accompanied by an increase in the production of AM 



protein, the presence and cellular localization of AM 
and HIF-1 a in tumor cell lines at normox'rc or hypoxic 
conditions were studied using double immunofluores- 
cence followed by confocal microscopy, A typical im- 
age is shown in Fig. 3, in which prostate carcinoma DU 
145 cells are immunostained for both AM (green fluo- 
rescence) and HIF-1 a (red fluorescence). At normoxic 
conditions (Fig. 3. A and B). both AM and HIF-1 a are 
moderately expressed in the cytoplasm and nucleus of 
the cells. After 12 h exposure to 260 /im DFX. the cells 
showed a marked increase of AM staining In the cy- 
toplasm and nucleus (Fig. 3C); in agreement with our 
previous results (26) HIF-1 a immunoreactivity is pri- 
marily elevated in the nucleus of the cells (Fig. 3D), 
Similar pattems of staining were obtained with HI 57, 
MCF7. and SNUC-1 cell lines (data not shown). 

Since we and other investigators have reported a 
rapid secretion of the bioactive processed AM peptide 
by human tumor cells and endothelial cells (13, 27). we 
also examined the presence of AM in the conditioned 
medium of MCF7 under hypoxic conditions. As Is 
shown in Rg. 4, a significant increase in immunoreac- 
tive AM (IR-AM) was observed for MCF7 cells treated 
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Rg. 2. Time Course AnaTysis of AM Expression 

Northern blot analysis of MCF7 cells cultured under 100 
tJM C0CI2 (A). 260 /iM DFX (B). orl % O2 (C) for the indicated 
times. Fifteen micrograms of total RNA were loaded per lane 
arxl hybridized subsequently with human AM and human 
HIF-1 a cDNA probes. Equal loading was monitored by 
ethidium bromide staining of 28 S rRNA for each blot. 



with 1 % O2 at various tinnes as compared with the 
cells maintained in nomioxic conditions. Increasing 
values of accumulated IR-AM in the conditioned me- 
dia of this cell line were also observed for the C0CI2 or 
DFX treatments (data not shown). 



wild-type counterparts under hypoxic treatments. Fig- 
ure 5A illustrates an experiment designed to compare 
AM mRNA levels in these cell lines when subjected to 
6 h treatment of C0CI2 or DFX. It is shown that HIF-1 a 
null (-/-) mouse fibroblast cells failed to induce AM 
mRNA expression in these conditions, while the wild- 
type HIF-1 a (+/+) fibroblasts showed an inducible 
response. Similarly, normal HIF-1 ^ (+/+) mouse em- 
bryonic stem (ES) cells demonstrated an inducible re- 
sponse, whereas HIF-1 j3 null (-/-) ES cells showed a 
32% and a 60% reduced induction when compared 
with the wild-type control, depending on the test re- 
agent examined. 

In addition, when HIF-1 a +/+ and HIF-1 a -/- cell 
lines were exposed to a hypoxia (1 % O2) time course 
study (Fig. 5B), the hypoxic induction of AM mRNA 
was not detectable on the cells with the null mutation, 
although it was present in the wild-type cells. We also 
analyzed the levels of HIF-1 a message expression in 
this experiment. Note that HIF-1 a mRNA remained 
constant through the hypoxia treatment; however, 
HIF-1 a transcripts in HIF-1 a -/- cells present a 
higher molecular size than in the corresponding wild- 
type cells, since the null mutation was obtained by 
replacement of the helix-loop-helix domain of HIF-1 a 
with a neomycin resistance cassette (28). 

Furthermore, artificial manipulation of HIF-1 activity 
with appropriate biochemical reagents was also used 
to elucidate the role of this transcription factor in AM 
message regulation under hypoxia. In this sense, the 
nitric oxide donor sodium nitroprusside (SNP) as well 
as genistein (a tyrosine kinase inhibitor), are known to 
inhibit HIF-1 activity by blocking the synthesis of HIF-1 
subunits and/or interfering with HIF-1 DNA binding 
activity in hypoxia (29. 30). MCF7 cells were cultured 
for 12 h in normoxic or hypoxic conditions, with or 
without the appropriate biochemical reagents, and AM 
mRNA expression was analyzed comparing the 
treated vs. the nontreated cells (control). As is shown 
in Fig. 6, addition of 100 /im SNP completely inhibited 
the induced expression of AM mRNA after 12 h of 
hypoxia (1% O2) treatment, while genistein at 100 /im 
was a less potent suppressor of the AM mRNA induc- 
tion mediated by low oxygen tension. Thus, the inhib- 
ited activity of HIF-1 with SNP and genistein is con^e- 
lated with a suppressive effect on the AM mRNA 
hypoxic induction. Conversely, it has been reported 
that the CO scavenger hemoglobin (Hb) enhances 
HIF-1 activity by increasing HIF-1 DNA binding (31). 
Treatment of MCF7 cells with 50 fxM Hb was shown to 
further increase AM mRNA expression under hypoxic 
conditions by approximately 1.7-fold (Fig. 6). 



The Hypoxic Induction of AM mRNA Is 
Dependent on HIF-1 

To determine whether the hypoxic up-regulation of AM 
mRNA was driven by HIF-1 , we used cell lines derived 
from HlF-1a or HIF-1 ^ knockout mice to evaluate AM 
induction capabilities as compared with those of their 



Stabilization of AM Transcripts under Hypoxia 

Hypoxia-induced up-regulation of gene expression 
can be mediated both by de novo synthesis of mRNA 
and by stabilization of the normally labile mRNAs un- 
der hypoxic conditions. To test whether the latter pos- 
sibility was involved in the induced response of AM to 
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Fig. 3. Double Immunostaining for AM and HIF-1a on DU 145 Cells Analyzed by ConfocaJ Microscopy 

Cells were grown on glass slides, left under nonmoxic conditions (A and B), or treated with 260 ^xm DFX for 12 h (C and D), and 
then immunostained for AM and HIF-1a, Equal microscope settings and exposures were maintained on images from nomioxic/ 
DFX-treated cells, to compare expression under both conditions. Both AM (A and C) and HIF-1a (B and D) become markedly 
overexpressed after 12 h of DFX treatment. Bar - 5 ixm. 



hypoxia, we examined the half-life of AM transcripts 
under nornr^oxic and hypoxic conditions in the pres- 
ence of actinomydn D, a compound known to Inhibit 
RNA synthesis. MCF7 ceils were maintained under 
hypoxic (1% O2) conditions for 12 h to sufficiently 
Induce the expression of AM transcripts, and AM 
mRNA level at this point was considered the standard 
to which the rest of the samples were compared. After 
the initial hypoxic induction, actinomycin D was added 
at 4 /jtg/ml, and the cells were further maintained at 
normoxic or hypoxic (1 conditions from 1 to 4 h. 
As shown in Fig. 7, AM mRNA clearty decayed more 
rapidly under normoxic than under hypoxic conditions, 
thus indicating a stabilization process In hypoxia. 

Densitometry analysis of the degradation of AM 
mRNA under normoxia and hypoxia in this experiment 
was performed, and the pooled data resulted in a 
calculated half-life of the AM mRNA of 1.7 h under 
nomioxia and of 2.5 h under hypoxia. Our data thus 
indicate that the hypoxia-induced expression of AM 



transcripts is at least partially dependent upon stabi- 
lization of AM mRNA. 

Identification of Putative Hypoxia-Response 
Element (HRE) Sites in the Human AM Gene 

Since it is known that HIF-1 mediated gene transacti- 
vatlon Involves its binding to distinct nucleic acid mo- 
tifs, namely HREs, we used GCG computer software 
from Genetics Computer Group (Madison, Wl) to an- 
alyze the human and mouse AM genes (GenBank ac- 
cession nos. D43639 and D78349, respectively) for 
appropriate HRE sequences. In this analysis we fol- 
lowed the HRE consensus motif proposed by Wenger 
and Gassmann (18, 32): (r,G,C) (A.G) CGTG (C,G,A) 
(G,T,G) (G,T,G) (C,T,G), which has been constructed 
from the nucleotide sequence of HIF-1 binding sites of 
13. oxygen-dependent genes, and allowed for no more 
than a single base mismatch outside the CGTG core 
sequence. We have analyzed not only the 5'-promoter 
region but also the 3'-flanking region, introns/exons. 
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Rg. 4. RIA of IR-AM in the Conditioned Media of MCF7 Cells Cultured under Nonmoxia or 1 % Atmosphere 

After 12 h treatment, levels of AM detected in the conditioned medium of cells in both conditions are similan however, at 24 h. 
values of accumulated IR-AM in cultured media of 1 % O2 treated cells were significantly higher than those from nomioxic cells 
r*. P = 0.004). Values are the mean ± sem. 



and looked for consensus motifs in both sense and 
antlsense strands, since these genomic areas have 
been previously shown to have functional HRE sites in 
other HIF-1 -inducible genes (18, 20. 33). With these 
premises, eight putative HRE sites at the 5'- and six 
sites at the 3'-untranslated flanking sequences of the 
human AM gene were found, together with putative 
HRE sequences in the first intron and in exon 3 and 
exon 4 (see Rg. 8). Similar analysis of the mouse AM 
gene identified three putative HRE sites in the anti- 
sense strand of the 5'-promoter region (positions: 
-1143. [AACTCACGgA]; -98, [CAAGCACGCt]; and 
-62, rtGA CCACG CCp. and another three on the 
sense orientation: one in intron 1 (position 533, 
[CGCGTCCTGaD. one in intron 2 (position 727, [Gc- 
CGTG CTTT]). and finally one at exon 4 (position: 1 960. 
[GACGIGAaTG]). 

Luciferase Reporter Assays for the Human AM 
Promoter Region under Hypoxia 

To determine whether these HRE sites were actually 
involved in the regulation of AM mRNA expression, 
luciferase reporter studies were perfomned for differ- 
ent regions of the 5'-flanking region of the human AM 
gene. MCF7 cells were transiently transfected with the 
empty parental plasmid (pGL2basic) or with con- 



structs comprising one, two, four, or eight putative 
HREs of the AM promoter (see Fig. 9A). A cotrans- 
fected /3-galactosidase expression vector served as 
internal control for transfection efficiency and extract 
preparation. After the transfection, cells were left un- 
der normoxic conditions or exposed to 260 ^ DFX for 
24 h, and luciferase activity was determined. No sig- 
nificant increase for the luciferase activity in the DFX- 
treated cells/nomnoxic cells was obtained when trans- 
fections were perfomDed with constructs containing 
the one or two putative HREs closest to the TATA box 
(Fig. 9^^. However, when cells were transfected with 
constructs containing four or eight putative HREs sites 
at the 5'-end of the TATA box. a significant (P < 0.01) 
1.5- and 1.7-fold increase in luciferase activity was 
observed when comparing DFX-treated vs, normoxic 
cells. 

To test whether we could potentiate the increase in 
luciferase activity for the DFX treated/normoxic cells, 
we performed transient expression experiments using 
the HIF-1 a expression vector pCMV/S-HA-HIF-l a (34). 
This expression vector was cotransfected into MCF7 
cells together with the empty parental vector or plas- 
mid constructs containing four or eight HREs from the 
AM promoter (pGl_2basic. pGU2b-4, orpGI_2b-8). and 
the normalization p-galactosidase plasmid. A repre- 
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Fig, 5. Northern Blot Analysis on HIF-1a and HIF-1^ Knockout Mouse Cell Lines 

Rfteen micrograms of total RNA were loaded per lane, and equal loading and integrity of RNA were monitored by ethidium bromide 
staining of 28 S rRNA. A, AM mRNA induction is suppressed in fibroblast HIF-1 a -I- cells or reduced in ES HlF-1 ^ -i-f^ cells treated 
with C0CI2 or DFX for 6 h as compared with their wild-type counterparts. B, Hypoxia (1 % time course study on HIF-1 o wild-type 
(+/+) and HIF-1 a null cells (-/-) prot>ed for mouse AM and HIF-1 a. Note that HIF-1 a null cells fail to induce AM mRNA expifBSsion. 




Rg. 6. Expression of AM mRNA in MCF7 Cells Treated with 
Reagents That Modulate HIF-1 Activity 

Northern blot analysis was perfonmed on MCF7 cells cul- 
tured for 12 h in a nonmoxic or hypoxic (1% O2) fashion with 
or without 50 /im Hb. 100 puvi SNP, or 100 /tM genistein. The 
hypoxic induction of AM transcripts in hypoxia was further 
augmented with Hb (a reagent that enhances HIF-1 activity), 
whereas SNP and genistein (known to inhibit HIF-1 activity) 
had a suppressive effect on that induction. 



sentative expenment is shown in Fig. 9B, In which the 
transient overexpression of HIF-1 a augmented the lu- 
ciferase reporter activity after DFX treatment up to 
2.9-fold when four HREs were present^ and up to 
4.8-fold with eight HREs as compared with the values 
of transfected cells In nonmoxic conditions; no signif- 
icant Increase was observed when the HIF-1 a expres- 
sion vector was cotransfected with the pGL2baslc 
empty vector. 



DISCUSSION 

Oxygen availability is known to play a key role In the 
growth-regulatory process underlying carcinogenesis 
(15). Seminal work by Semenza and collaborators (35, 
36) demonstrated the general involvement of HIF-1 in 
the transcriptional response to hypoxia Since then, 
several established growth modulation factors, includ- 
ing Epo, VEGF, Tf, ET-1 , and insulin-like growth factor 
binding protein 1 (IGFBP-1), have been shown to be 
under HIF-1 transcriptional control (18. 20, 33). Based 
on previous reports showing that AM functions as an 
autocrine growth factor for certain human tumor cell 
lines (13). we began a comprehensive study to deter- 
mine whether hypoxia could Influence the expression 
of AM via HIF-1 In human tumor cell lines as an In vitro 
approach for similar conditions occurring in solid hu- 
man cancers. 

Our initial analysis by Northern blot in a variety of 
human tumor cell lines cleariy demonstrates that hyp- 
oxia increases mRNA levels in these cells as com- 
pared with the untreated controls. Interestingly, there 
is a considerable variation in the basal levels of AM 
mRNA observed in normoxic conditions. High levels of 
basal AM mRNA may arise from the constitutive ex- 
pression of HIF-1 a protein In certain cells, a condition 
that has been previously reported for primary cultures 
of human pulmonary arterial smooth muscle cells (37). 
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Fig. 7. Stabilization of AM Transcripts under Hypoxia 

MCF7 cells were treated with 1 % Oj for 1 2 h to induce the expression of AM mRNA. After addition of actinomycin D at 4 ^ml, 
cells were further maintained in normoxic or hypoxic conditions for the indicated times. Fifteen micrograms of total RNA were then 
loaded in each lane for Northern blot analysis of AM transcripts. AM mRNA levels at each point were compared with levels 
observed at 12 h hypoxia (previous to the addition of actinomycin D). and the half-life for AM transcripts under nomioxic and 
hypoxic conditions was estimated. 




In the time course experiments using MCF7 cells sub- 
jected to an hypoxic environment, we also demon- 
strate that the AM mRNA induction is paralleled by a 
somewhat delayed increased secretion of AM peptide 
from the cells to the conditioned media. Given our 
prior finding that endogenous AM functions as an au- 
tocrine growth factor for MCF7 (13), the demonstration 
that hypoxia augments bioactive AM production and 
secretion in these cells suggests that a similar sce- 
nario may take place in tissue neoplasms. The pro- 
duction and secretion of AM at the hypoxic areas 
present in tumors (15) could establish an autocrine/ 
paracrine-mediated proliferation event leading to tu- 
mor growth. In addition, since AM has angiogenic and 
vasodilator capabilities (1, 6). the secreted AM could 
induce neovascularization and facilitate nutritional 
supplementation to the tumor ceils. Finally, AM also 
has been shown to protect cells from apoptosis (5), 
and this feature could selectively rescue tumor cells 
from programmed cell death and might even predis- 
pose tumors to a more malignant phenotype (15). 

The data obtained with the HIF-1a and HIF-10 
knockout mouse cell lines, together with those from 
the HIF-1 biochemical modulation studies performed 
on MCF7 cells, provide consistent evidence support- 
ing the major involvement of HIF-1 in the transcrip- 
tional activation of AM by hypoxia and suggest that 
AM could be considered a new member of the growing 
family of HIF-1 -targeted genes. The absence of induc- 
ible AM mRNA expression In HIF-1 a null mouse fibro- 
blast cell line under hypoxia seems to highlight the 
critical importance of the HIF-1 a subunit in the trans- 
activation of AM mRNA. Recent studies with HIF-1 a 
knockout mice have shown this genetic deletion to be 
an embryonic lethal event in the later stages of fetal 
development (28, 38). In addition, tumors derived from 
mouse ES cells with HIF-1 a null genotype have re- 
tarded growth, reduced VEGF expression, and less 
angiogenesis than their wild-type counterparts (28). 



Given that AM is also highly expressed during embry- 
ogenesis (8). it would be interesting to evaluate 
whether there are modifications in the AM distribution 
patterns in eariy HIF-1 a null embryos, HIF-2a, a hy- 
poxia-inducible transcription factor sharing homology 
with HIF-1 a, has recently been shown to be essential 
in embryonic vascularization and catecholamine pro- 
duction (39); we cannot exclude a possible role of 
HIF-2a in AM transactivation in endothelial and cat- 
echolamines-producing cells of embryos as well as 
catecholamines-producing tumors. In contrast to 
HIF-1 a knockout cell lines, ES HIF-1 /3 null cells under 
hypoxia showed a diminished AM mRNA induction as 
compared with their wild-type counterparts, which 
may reflect the ability of other basic helix-loop-helix 
family members (e.g. ARNT 2 and ARNT 3) to com- 
pensate for the loss of HIF-1 j3 in the formation of a 
functional heterodimer with HIF-1 a, albeit at lower 
efficiency (40, 41). 

Prior studies have demonstrated the ability of re- 
duced oxygen tension to mediate elevations in AM 
message/protein expression in several animal and cell 
systems. In this sense, hypoxia was shown to induce 
AM gene expression and secretion in cultured human 
umbilical vein endothelial cells (42); focal ischemic 
regions of the rat brain show high AM mRNA expres- 
sion (43), and patients with chronic obstructive pulmo- 
nary disease involving tissue hypoxia have elevated 
AM plasma levels (44). Nakayama and colleagues (14) 
have demonstrated that hypoxia can elevate AM 
mRNA and protein expression in a single human colo- 
rectal carcinoma cell line, DLD-1; however, these in- 
vestigators did not identify any HRE motifs in the 5'- 
upstream flanking region of the human AM gene and 
suggested the possible involvement of AP-1 in the 
hypoxia elevation they observed. Given that the AM 
promoter has several AP-1 binding motifs and that 
hypoxia can elevate c-fos, which in turn can activate 
AP-1 expression (45, 46), their supposition had a log- 
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Fig. 8. Schematic Drawing of Potential HRE Motifs in the Human AM Gene 

Genomic structure was taken from GenBank accession no. D43639. Identification of putative HIF-1 binding sites is derived from 
the HRE consensus sequence model of Wenger and Gassmann (1 8. 32), which represents the deca base region n".G,Cl(A.G )CGT- 
G(C,G^(G,T,CKG.T,CXC,T,G), and allowing for only one base mismatch outside the CGTG core structure. HRE sites in the 
schematic drawing are indicated by hwercase ietters within drcies. GOG analysis was perfomied in both sense and antisense 
orientation, and nucleotide positioning of HRE sites was based on the AM transcriptional start site as +1. Accompanying chart 
identifies numerical posititioning of HRE, single mismatched base, and 5'- and 3'-flanking sequences. 



ical basis and may in fact work In concert with our 
observed HIF-1 -driven AM expression. Recently, it 
was also reported that the hypoxic expression of AM in 
rodent cardiomyocytes is under HIF-1 control (47); 
although Cormier-Regard and colleagues clearly dem- 
onstrate the induction of AM mPNA under hypoxia, no 
experimental data confirming a similar relationship for 
AM peptide were shown. 

In our luciferase reporter studies, MCF7 cells were 
transfected with reporter plasmid constructs contain- 
ing one. two, four, or eight of the putative HRE con- 



sensus sequences that we Identified in the human AM 
promoter. Only when four or eight potential HREs were 
present, a statistically significant fold increase in lucif- 
erase expression was observed on exposure to DFX 
over that of untreated controls. Although the luciferase 
induction observed in our test conditions is modest, it 
is within the range observed for the mouse AM gene 
(47) and human Tf (48). For the human VEGF gene, it 
has been reported that the increase in transcription 
rate cannot account for all the observed increase in the 
steady-state VEGF mRNA levels induced by hypoxia 
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Fig. 9. Evaluation of HRE Activity by Luciferase Reporter Assay 

A, Hypoxia responsiveness of the human AM 5'-flanking region. Schematic diagrams of the luciferase plasmids used In this 
study, containing one, two. four, or eight putative HREs are shown on the left. The HRE sites are named in the same way as in 
Rg. 8, and numbering refers to the region of the AM promoter inserted into the parental pGL2basic vector relative to the AM 
transcription start site as +1. MCF7 cells were transiently Iransfected with one of the mentioned luciferase plasmids and a 
pSV-p-galactosidase control vector. After nontoxic or 260 ptM DFX exposure for 24 h, luciferase acitivity was determined by 
nonnaltzation to the coaesponding ^-galactosidase values. For each constmct tested, fold increase of luciferase activities with 
260 /iM DFX vs. luciferase values in normoxia (arbitrarily defined as 1) are represented. Means ± sem of three to five independent 
experiments are shown; **, P < 0.01 , P < 0.001 . B. Transient expression of HIF-1 a potentiates the enhanced luciferase activity 
after exposure to DFX. MCF7 cells were transiently cotransfected with the HIF-1 a expression vector (pCMV/3-HA-HIF-1 a) and the 
plasmid constructs shown at the left of the figure. After nonnoxic or 24 h DFX (260 /hm) treatment, the luciferase activity was 
detemritned, corrected for transfection efficiency according to the ^-galactosidase activity, and in each case nomialfzed to the 
luciferase value in normoxic conditions arbitrarily defined as 1 . 
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(49). and important posttranscriptional regulation 
events mediated by mRNA stabilization do, in fact, 
take place (50). A similar situation could also be de- 
picted for the human AM gene, since not only tran- 
scriptional activation but also, as we have shown, RNA 
stabilization events contribute to the AM mRNA up- 
regulation under hypoxic conditions. We cannot ex- 
clude, however, the possibility of major functional HRE 
sites at the 3'-flanking region of the human AM gene, 
a location that has been shown for HREs In the human 
and mouse Epo gene (51, 52). Furthermore, when 
MCF7 cells were cotransfected with a HIF-1a expres- 
sion vector and plasmid constructs containing four or 
eight HREs of the 5'-fIanking region of the human AM 
gene, the Increase In luciferase activity was remark- 
ably potentiated as compared with the increase ob- 
tained with the pGI_2-4 or pGI_2-8 plasmids alone. 
This stimulated luciferase reporter activity with the 
transient overexpression of HIF-1a has also been re- 
ported for the human Tf, VEGF, and Epo genes (48, 
53). These data further support that the transcriptional 
activation of AM in hypoxic conditions is driven by 
HIF-1 and not through other transcriptional factors 
activated by hypoxia; additionally, they give stronger 
evidence that at least some of the selected potential 
HRE sites in the 5'- flanking region of the human AM 
geine are functional in the up-regulation of AM tran- 
scription under hypoxia. 

Based on our actinomycin D studies, we clearly 
demonstrate AM mRNA stabilization mediated by hy- 
poxic conditions. Recent studies on RNA degradation 
mechanisms have identified hypoxia-inducible pro- 
teins that bind to adenylate-uridylate (AU}-rich ele- 
ments of the 3' -untranslated region (3'-UTR) of short 
half-life RNA (j.e, VEGF, c-Myc, c-fos) and suppress 
ribonuclease degradation (54, 55). One such stabiliz- 
ing RNA-binding protein. HuR. has t>een shown to 
interact with AUUUA or AUUUUA base sequences in 
the 3'-UTR of the VEGF mRNA and to extend Its 
half-life under hypoxic conditions (55). Interestingly, 
the 3'-UTR of both human and mouse AM mRNA have 
AUUUA and AUUUUA sequences that could possibly 
augment message survival during reduced oxygen 
tension through a similar HuR or HuR-like interaction. 
In addition, tumor cell lines that have a mutated von 
Hippel-Llndau (VHL) tumor suppressor gene contain 
constitutively stabilized VEGF mRNA and also have 
constitutively expressed stabilizing RNA-binding pro- 
teins (54). Considering these reports and the recent 
discovery by Ratcliffe and co-workers that the VHL 
gene product controls the degradation of HIF-1a pro- 
tein (25), it will be interesting to determine the status of 
the VHL suppressor gene in those human tumor cell 
lines that have an elevated basal expression of AM 
message under normoxic conditions ^.e. H157), to 
determine whether this feature relates to an increased 
half-life of AM mRNA mediated by constitutive expres- 
sion of stabilizing RNA-binding proteins. 

In conclusion, we have shown evidence in favor of 
hypoxia as an inducer of AM mRNA and protein ex- 



pression in human tumor cell lines. The data obtained 
from HIF-1 knockout mouse cell lines, biochemical 
modulation of HIF-1 activity, and transfection experi- 
ments give solid proof for the involvement of HIF-1 in 
the up-regulation of AM mRNA under hypoxic condi- 
tions. In addition to HIF-1 transcriptional activation, 
increased hypoxic mRNA stability also accounts for 
AM induction based on our actinomycin D assays. Our 
collective data, taken together with previous reports 
that most solid human tumors have common hypoxic 
regions (15) and that AM can function as a mitogen/ 
angiogenic factor/apoptotic survival factor (5, 6, 13), 
implicate HIF-1 /AM as members of a potential promo- 
tion mechanism of carcinogenesis and identify a pos- 
sible biological target for intervention strategies 
against malignant disease. 



MATERIALS AND METHODS 

Cell Lines, Hypoxia Treatments, and Reagents 

Cell lines used in this study were selected to represent an 
array of the most widely distributed human cancer types. In 
particular, we used representatives of carcinomas (CA) or 
carcinoids of the lung IN417d (small cell CA), H1264 (ad- 
enoCA). HI 57 (squamous cell CA), H720 (carcinoid)], breast 
(H2380, MCF7, SK-BR-3. ZR-75), colon (H630, H716, 
SNUC-1), ovary (OVCAR-3, SK-OV-3), prostate (DU 145, PC- 
3-M), chondrosarcoma (HTB-94) or promyelocytic leukemia 
(HL-60). All cell lines were obtained from the National Cancer 
Institute-Navy Medical Oncology Branch or purchased 
through the American Type Culture Collection (ATCC, Man- 
assas, V;^. All tumor cell lines were cultured in RPM1 1 640 or 
DMEM media supplemented with 1 0% heat inactivated FBS, 
2 mM L-glutamine, 10 mM HEPES buffer, 100 U/ml penicillin, 
and 100 jbig/ml streptomycin (all tissue culture reagents pur- 
chased from Life Technologies, Inc., Gaithersburg, MD). The 
development, characterization, and maintenance of embry- 
onic stem cell lines from HIF-1 ^ knockout mice have been 
previously described (56). The HIF-1 a (-/-) fibroblast cell 
line was generated from HIF-1 a null mice (28) via SV-40 
transfonnation of embryonic fibroblast cells; HIF-1 a (-/-), 
and (+/+) fibroblast cell lines were maintained with the same 
media as specified for the human tumor cell lines. 

Cells were cultured at 37 C in 20% O2, 5% CO2, 75% Nj 
for normoxic conditfons, and new media were added 12 h 
before the t>eginnlng of each hypoxia experiment. The hyp- 
oxia induction was achieved either by hypoxia mimetics: 100 
fiM C0CI2. 260 ixM DFX mesylate (both from Sigma, St. Louis, 
MO), or by culturing cells in a hypoxia chamber at 37 C with 
1 % O2, 5% CO2, 94% N2 atmosphere. The hypoxia chamber 
was fabricated from a Lat>conco seamless fiberglass vacuum 
desiccator (Rsher Scientific, Pittsburgh, PA) fitted with two 
stainless steel angle ball valves having serrated hose con- 
nectors (Washington Valve & Rltlng Co.. Frederick, MD), 
which allowed for chamber equilibration to hypoxic environ- 
ment via venting with gas mixture (Roberts Oxygen Co., 
Gaithersburg, MD). The chamber was tested for leaks under 
positive pressure using a bubble-fomning agent (SNOOP, 
Nupro Co., WiHouhby, OH) and was shown to hold a 3 psi 
charge for 48 h. 

In the HIF-1 modulating studies, different agents were 
added to the culture media, and then the cells were incubated 
under normoxic conditions or in the hypoxia chamber for 1 2 h 
at 37 C. SNP (a NO donor), and genistein (a tyrosine kinase 
inhibitor), were used at 100 /im to inhibit HIF-1 activity (29, 
30). Hemoglobin (Hb), which acts as a CO scavenger, was 
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used at a final concentration of 50 to up-regulate HIF-1 
activity (31); Hb was prepared by treatment with excess 
reducing agent sodium ditliionite (57). All reagents were pur- 
chased from Sigma. 

For the AM mRNA stabilization studies, cells were initially 
exposed to 12 h hypoxia, after which actinomycin D was 
added at a final concentration of 4 ptg/ml (Sigma); cells were 
subsequently maintained from 1 h to 4 h under normoxic or 
hypoxic conditions. 

Northern Blot Analysis 

Immediately after treatment for the indicated times, cells 
were washed once in PBS, and total RNA was extracted 
using the guanidine isothiocyanate and cesium chloride 
method (58). Fifteen micrograms of RNA were loaded per 
lane, run in 1% agarose gels containing 2.2 m formaldehyde, 
blotted by capillarity onto nitrocellulose membranes (Schlei- 
cher & Schuell, Inc., Keene, NH), and baked for 2 h at 80 C. 
Equal loading and integrity of RNA were monitored by 
ethidium bromide staining of the 28 S subunit of rRNA. 

The human AM cDNA probe used in this study was 
generated as an RT-PCR product (831 bp) obtained using 
oligonucleotide primers: 5'-TACCTGGGTTCGCTCGCCTTC- 
CTA-3' (sense, bp 184-207) and 5'-CTCCGGGGGTCTCAG- 
CATrCATTT-S' (antisense, bp 991 -1 01 4). The human HIF-1 a 
cDNA probe was also produced by RT-PCR (1308-bp prod- 
uct) using oligonucleotide primers: S'-CGGCGCGAACGA- 
CAAGAAAAAGAT-3' (sense, bp 4^-66) and 5'-TCGTT- 
GGGTGAGGGGAGCATTACA-3' (antisense, bp 1327-1350). 
Numbering of the nucleotide base positioning was taken from 
the GenBank profile accession no. 01 4874 (human AM 
mRNA) and U22431 (human HIF-1 a mRNA). All RT-PCR 
products were sequenced to validate iDase integrity of the 
probes. The mouse AM cDNA 550-bp probe was a gift from 
Dr. Sonia Jakowlew (59). 

Probes were labeled with [a-^P]dCTP (3000 Ci/mmol; 
NEN Ufe Science Products, Boston. M^ by rsmdom priming, 
and unincorporated nucleotides were removed by Probe- 
Quant G-50 Micro Columns (Amersham Pharmacia Biotech, 
Piscataway, NJ). Hybridization was carried out ovemight at 
42 C in a hybridization buffer containing 40% formamide (58). 
After stringency washes, blots were exposed to XAR film 
(Eastman Kodak Co., Rochester, NY) at -80 C for varying 
times. Densitometry of the autoradiograms was performed 
using a Chemilmager 4000 (Alpha Innotech Corp.. San Le- 
andro. CA). The half-life of the endogenous AM mRNA was 
calculated using Prism 3.0 software. 

Confocal Immunofluorescence for AM and HIF-1 a 

Cells were grown on glass slides, treated with 260 /im DFX for 
12 h. and fixed in Bouin's fluid (Sigma) for 10 min at room 
temperature. Slides were t}locked with nonmal goat serum 
(1:30 in PBS) for 30 mIn and then incubated ovemight at 4 C 
in a mixture of both antibodies: mgc3 antihuman HiF-1a 
monoclonal antibody (60) at 1 :500 dilution and rabbit antihu- 
man AM 22-52 antibcNdy (1 3) at 1 :1 ,000 dilution. The second 
layer consisted on a mixture of Rhodamine-antimouse and 
Bodipy-antirabbit IgGs (Molecular Probes, Inc., Eugene. OR) 
at a final concentration of 1:200 each. The cells were ob- 
served with a Cari Zeiss Laser Scanning Microscope 510. 
equipped with four lasers. Images from cells subjected to 
DFX treatment and normoxic controls were taken with exactly 
the same microscope settings and exposures, to compare 
expression of AM and HIF-1 a in both conditions. 

RIA of Immunoreactive AM 

Concentrations of AM in culture media of MCF7 cells under 
hypoxia or mimetics treatment were measured by double 



antibody RIA. Samples of culture media (1 ml) were mixed 
with an equal volume of 0.1% alkali-treated casein in PBS, 
pH 7.4. and applied to reverse-phase Sep-Pak C-18 car- 
tridges (Waters Corp., Milford. MA). The proteins were eluted 
with 3 ml of 80% isopropanol containing 0.125 n HCI and 
lyophilized. Extracts were reconstituted in 0.4 ml of RIA buffer 
(10 mM phosphate, 50 mM EDTA, 135 mM NaCI, 5 mM 
NaHCOg, 0.05% Triton X-100, 0.1% Tween-20. 0.1% alkali- 
treated casein. 20 mg/l phenol red, pH 7.4), and spun to 
remove any solid matter. After a 24-h preincubation of 0.1 ml 
of sample with 0.1 ml of antihuman AM antibody (Phoenix 
Pharmaceuticals, Inc., Mountain View, CA) at 4 C, 0.1 ml of 
^^^l-labeled AM (Phoenix Pharmaceuticals. Inc.) was added 
(10,000 cpm) and the mixture was incubated at 4 C ovemight. 
Bound tracer was separated by polyethylenglycol-facilitated 
precipitation with goat antirabbit IgG and normal rabbit se- 
rum. After centrifugation, the supernatant was discarded, and 
the radioactivity in the pellets was determined in a -y-counter. 
Data were statistically evaluated by a two-tailed Student's t 
test using Prism 3.0 software. Differences were regarded as 
significant at a value of P < 0.05, 

Reporter Plasmid Constructs 

A PGR product of 1 18 bp (-1 18, -1) containing the putative 
HRE site closest to the transcription start site in the 5'- 
flanking region of the AM gene (named HRE f in Fig. 8) was 
generated using human genomic DNA as template and the 
following oligonucleotide primers: sense, 5'-GCTGAGGAAA- 
GAAAGGGAAG-3' and antisense, 5'-TGTCACCAAGAAAC- 
CACTGA-3'. Similariy. primers: sense. 5'-AGCCCCAAAG- 
GAAGCAATGC-3' and antisense. 5'-TGTCACCAAGAAACC- 
ACTGA-3' were used to generate a PGR product of 166 bp 
(-166. -1) comprising the two potential HREs closest to the 
transcription start site of the AM promoter (HREs named e 
and f in Rg. 8). Each of the resulting 1 1 and 166-bp DNA 
fragments were ligated into the pCR2.1 vector (Invitrogen, 
Carisbad. CA) to generate pCR2.1-118 and pCR2.1-166. 
These plasmids were then digested with H/ndlll and X/iol, and 
the resulting DNA fragments were cloned into the same sites 
of a promoteriess luciferase reporter pGL2basic (Promega 
Corp.. Madison, Wi) to generate pGL2l>-1 and pGL2l>-2. 
respectively. 

The entire 5'-flanklng region of the human AM gene was 
amplified by standard PCR from human genomic DNA using 
primers: sense, 5'-GAATTCAGGTCCGCTCAGGTGACTCCT- 
TCC-3' and antisense. 5'-^AGCICGCTAGCCAGTGTCAC- 
CAAGAAACC-3' (the antisense primer introduced a Sad site 
[under1/ned\ and an Nhe\ site [bofdedfj. The resulting 1755 bp 
(-1751. +4) pnxluct was ligated into the pCR2.1 vector to 
generate pCR2.1-1755. An NheUNhel fragment from 
pCR2.1-1755 was subcloned into the same site of 
pGl^basic generating pGl_2l>4 (which canies 4 putative 
HREs from the 5'-end of the AM promoter, namely c. d. e, 
and f in Fig. 8). In the same way, a Sacl/Sacl fragment from 
pCR2.1-1755 was also subcloned into the Sad site of 
pGL2basic. generating pGL2b-8. which encompasses the 8 
putative HREs in the 6'-flanking region of the AM gene (HREs 
a. b, c. d. e, f. q, and r in Rg. 8). The fidelity of all PCR-derived 
sequences was verified by sequence analysis. All positions 
are refenred relative to the transcription start site of the AM 
gene (+1; see Rg. 8). 

The HIF-1 a expression vector (pCMVp-HA-HIF-1a) (34) 
was generously provided by Dr. D. Livingstone (Dana Fart>er 
Cancer Institute). 

Transient Transfections and Luciferase Reporter Assay 

Approximately 20 h before transfection 1 .5 x 10® MCF7 cells 
were seeded onto 60-mm plates. Each dish was then Vrans- 
fected for 4 h in the presence of lipofectAMINE and Optimem 
medium I (Life Technologies, Inc.) with 1 /ig of pSV-^-galac- 
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tosidase control vector (Promega Corp.) and 3 ptg of one of 
the following plasmtds: pGL^basic, pGL2b-1, pGL2b-2, 
pGL2b-4, or pGl-2b-8, For the HIF-1a transient overexpres- 
sion assays, 5 of the pCMV/3-HA-HIF-1a vector were 
cotransfected with an equal amount of one of the following 
plasm ids: pGL2basic. pGL2b-4, or pGL2b-8, together with 1 
fjug of pSV-j3-Galactosidase control vector (quantities referred 
per dish). AH transfections were carried out in duplicate with 
aliquots of transfection mixture from a single pool. After 
transfection, cells were incubated in RPMI 1640 medium 
supplemented with 10% FBS and were either treated with 
DFX at 260 fiM for 24 h or left under normoxic conditions for 
the same time. Cells were then collected in EBC lysis buffer 
with protease inhibitors (40 mM Tris, pH 8.0, 120 mM NaCI, 
0.5% NP-40, 1 mM AEBSF, 10 /ig/ml aprotinin, 1 mM NaVO^, 
10 /xg/mt leupeptin), and luctferase and j3-galactosidase ac- 
tivities were determined according to the manufacturer's in- 
structions using aTopCount NXT Packard luminometer and a 
Bio- Bad Laboratories, Inc. 3550 Microplate Reader. Lucif- 
erase readings were nomialized by the /3-galactosidase val- 
ues to correct for differences in transfection efficiency and 
extract preparation. For each construct transfectants, data 
were expressed as fold increase of the luciferase value ob- 
tained with the DFX treatment as compared with the lucif- 
erase value obtained in normoxic conditions, which was ar- 
bitrarily defined as 1 . Data were statistically evaluated by a 
two-tailed one-sample Student's t test using Prism 3.0 soft- 
ware. Differences were regarded as significant at a value of 
P < 0.05. 
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A well-known radiopharmaceutical 2-deoxy-2-fluoro-D-gIucose widely used for positron emission tomography 
diagnosis in terms of glucose utilization, was re-evaluated here as a nuclear magnetic resonance pharmaceutical 
for cancer detection. The uptake and metabolism of FDG in the experimental tumor, MH134, transplanted to the 
peritoneum of OH mice as an ascitic tumor was studied extensively by ex vivo ''F NMR. Prolonged retention of 
FDG and its metabolites over 2 days was confirmed in the tumor cells as well as in the heart. In these tissues, the 
6-phosphate of the injected compound was converted reversibly to its epimer 2-deoxy-2-fluoro-D-mannose and 
further to their NDP bound forms. The metabolites were almost cleared within a day from the other healthy 
organs where the formation of NDP-2-deoxy-2-fluoro-D-mannose was low. Thus, the '*F NMR signal of NDP- 
FDM detected 1 day after the FDG injection could be used as a target signal for tumor detection. Through the 
use of in vivo "F NMR spectra and '^F chemical shift images, the feasibility of this proposal was demonstrated. 
It was concluded that FDG-NMR has a potential for tumor diagnosis in animals. © 1997 by John Wiley & Sons, 
Ltd. 
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INTRODUCTION 



2-Deoxy-2-['*F]fluorc>-D-glucose (FDG) has been devel- 
oped as a radio-pharmaceutical for in vivo determination of 
regional glucose utilization in positron emission tomog- 
raphy (PET),* particulariy for die measurement of brain 
activity.^ Later, cancer has become one of the important 
research targets^* along with brain activity and cardiac 
muscles. The metabolic trap of FDG-6 phosphate (FDG- 
6-P) in tissue has been the established principle of *'FDG 
uptake. Thus, PET-FDG data are analyzed by the model of 
reversible rate processes of tissue incorporation and 6-phos- 
phorylation.^ Increased glucose metabolism and diminished 
activity of glucose-6-phosphatase are thought to explain the 
image contrast between malignant and healthy tissues in the 
cancer studies.'"^ Further metabolic pathways have been 
less emphasised in the study of **F radio-pharmaceuticals 
which have a lifetime of 110 min. 

In nuclear magnetic resonance (NMR) studies of ^^YDG 
in mice, the metabolism of FDG beyond FDG-6-P has been 
observed in most organs.'"* The reversible epimerization of 
FDG-6-P to 2-deoxy-2-fluoro-D-mannose-6 phosphate 
(FDM-6-P)* takes place by the action of phosphoglucose 
isomerase (PGI), and is observed in ahnost every tissue.'"*" 
The formation of FDM-6-P is fastest in brain, followed by 
heart'"* " and cancer cells.*" In basic studies of PET- 
FDG,''''^ these organs have been found to retain '^F 
radioactivity longer than the others and are the subjects of 
recent FDG-PET studies, and retention of F-compound over 
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2 days has been confirmed in the heart and tumor using the 
NMR method.'''" In the proton-coupled tissue spectra 
obtained 1 day after FDG injection, the signal intensity in 
the region of FDM relative to that of FDG exceeded the 
equilibrium ratio between FDM-6-P and FIXj-6-P attained 
by the catalysis of PGL^*" By high-resolution spectroscopy 
of tissue extracts, we have shown that FDG6-P and FDM- 
6-P are metabolized fiirther to their nucleotide-bound forms, 
NDP-FDG and NDP-FDM, in brain, heart and several 
other organs as in Fig. 1.' We suspected, therefore, that the 
formation of NDP-bound hexoses could be the source of 
imusual intensity ratio of FDG and FDM in heart and 
tumors, and it was proved in the study reported herein. 

Chemical shift imaging has long been expected to be an 
ideal method for visualizing regional tissue characteristics 
through the metabolism of intrinsic compoimds of physio- 
logical importance or of specifically designed NMR 
pharmaceuticals. Due to the inherent low sensitivity of the 
NMR method, however, metabolic imaging has been 
applied only to limited systems.'^ " NMR imaging in vivo, 
by using a stable signal of FDG metabolites beyond FDG- 
6-P, that is characteristic to tumor cells, was considered to 
be a powerful technique for the detection and investigation 
of proliferative tissues. A high field imaging instnmient was 
employed here to observe the imique metabolite of FDG in 
tumors. 

We report here the potential of FDG as an NMR 
pharmaceutical for cancer diagnosis by in vivo NMR 
measurement. Prolonged retention of FDG metabolites in 
tumor cells was accompanied by an effective FDG-FDM 
conversion followed by the synthesis and intensive accumu- 
lation of NDP-FDM. The NMR signals of FDG 
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Figure 1. Metabolic pathway of fluorohexoses in tumors and 
organs. 

metabolites were observable in simple in vivo NMR 
spectroscopy and imaging. The feasibility of metabolic 
imaging of tumor by using NDP-FDM as the target signal 
was demonstrated. 



MATERIALS AND METHODS 



Materials 

FDG was prepared according to the method of Haradahira et 
a/.** The main impurity, FDM, was determined by *'F NMR 
to be below 0.8%. 



Animal experiments 

Female C3H mice were supplied from the Animal Center of 
Kyushu University at 5 weeks of age and kept for 2-4 
weeks in the animal room at the Faculty of Pharmaceutical 
Sciences (23±1 X). About 5x10^ cells of MH134 hep- 
atoma were transplanted into peritonial cavities of the mice 
7-9 days prior to the NMR experiments. FDG was injected 
as a saline solution through the tail vein after 16 h of fasting. 
The dose for ex vivo study was 100 mg/kg which was the 
amount where no apparent sign of behavioral distuibance 
was observed.* It was doubled for in vivo '*F NMR to give 
a better signal-to-noise ratio. 



Quantification of metabolites 

Immediately after the mouse was killed by cervical 
dislocation, tumor cells were collected from ascitic fluids by 
repeated centrifiigation (400-900 g) and washed three times 
with ice-cold saline. Healthy organs (brain, heart, liver, 
muscle, intestine) were excised on an ice bath, washed with 
cold saline to remove most of the blood, wiped with filter 
paper, and packed into a 10 mm NMR tube. The intestine 
was cut into 1-2 cm lengths to remove the contents. The 
cells and organs in the NMR tubes were heated in boiling 
water for 3 min for enzyme deactivation, and the air in the 
tube was replaced with Ar gas to prevent oxidation. 



Metabolite identification 

After the NMR measurements of whole organs or cells for 
quantification at 94 MHz, the metabolites were extracted 
with water for detailed analysis by high resolution NMR. 
Tumor cells and organs were homogenized with a teflon 
homogenizer (WEATON) with distilled and deionized water 
and centrifiiged for 30 min at 1 8 500 ^. The supernatant was 
added with the aliquot used to rinse the pellet, and with D2O 
as the NMR lock signal source. The extracted residue was 
also packed in a 10 mm NMR tube for the evaluation of 
extraction efficiency. 



NMR measurements 

Spectral assignments and quantification. The "F NMR 
spectra of water extracts were obtained by JEOL GSX- 
270WB operated at 254 MHz under proton decoupling 
conditions. For the spectral analysis, the conditions were: 
spectral band width of 20 kHz, pulse width of 8 fjis (45°), 
77? 450 ms. Spectral assignment was made by referring to 
the '^F NMR data of authentic samples'' measured from an 
external standard of hexafluorobenzene in benzene (1/400, 
v/v, abbreviated as HFB) with and without proton decou- 
pling. The concentration of fluorine compounds in organs 
was determined using the *''F NMR spectrum of the 
individual whole organ in a 10 mm NMR tube with a JEOL 
FX- 100 spectrometer operated at 93.7 MHz and 23±\°C 
with a spectral band width of 40 kHz, pulse width of 16 jis 
(45°) and 77? 180 ms. The intensities of the three main 
peaks from whole organs, the FDG-group (or-, ^FDG, 
FDG-6-P, FDG-l-P and NDP-FDG) at -36ppm from 
HFB, the a-FDM-group (FDM, FDM-6-P, FDM-l-P and 
NDP-FDM) at - 41 ppm, and the >3-FDM-group (FDM and 
FDM-6-P) at - 59 ppm' were measured. The quantification 
was done by the published method' *^ using an average T, 
determined with deactivated tissues by a standard inversion 
recovery method using the same spectrometer, a JEOL FX- 
100: 0.9 s for the FDG group and 0.8 s for the FDM groups 
in ascitic cells, and 0.7 s for the FDG group and 0.6 s for the 
FDM group compounds in the other organs, respectively. 

In vivo spectra. ^'F spectra of the mice bearing ascitic 
MH134 tumors were taken with a one-turn surface coil of 
12 mm diameter placed on the lower abdomen using a 
JEOL GSX-270WB spectrometer under halothane anes- 
thesia (0.5% halothane in air). The signal positions of 
halothane, more than 120 ppm downfield from the FDG- 
group. signals, were too far distant to interfere with the 
spectral region of interest. The spectra were collected for 15 
min under the acquisition conditions of 8 fts pulse (22° at a 
depth of 3 nun, 1 P at 6 mm) 200 ms pulse repetition time 
and 80 kHz spectral bandwidth. Spectra were obtained at 1, 
6, 24 and 48 h after the injection of 200 mg FDG/kg. 

''F imaging. The images of FDG and its metabolites were 
obtained using a Varian Unity 400plus with a 9.4 T vertical 
magnet of bore size 89 mm. The image probe, used both for 
in vivo spectra and imaging, was equipped with a ^Uf^^ 
tunable bird-cage type rf coil of 40 nun inner diameter and 
45 mm height, and shielded gradient coils. FDG (200 mg/ 
kg, i.v.) was injected after 16 h fasting. Thirty minutes 
before imaging, the mouse was placed in the animal 
container under pentobarbital anesthesia (50 mg/kg, i.p.). 
"F chemical shift-selected images were obtained at 
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376 MHz with a simple spin-echo: a chemical shift- 
selection of 1 kHz band width by a gaussian pulse. TR=\ s, 
re=4ms, 64x16 data points, field of vision (FOV) of 
6 cm X 4 cm without slice selection, and a data accumula- 
tion time of 40-160 min. Images were obtained on the first 
and second days of FDG injection. The mice were fed finely 
in their cages during the interval between in vivo NMR 
experiments. The ascitic cells and heart were collected 
immediately after the in vivo NMR experiments for 
quantification. 



RESULTS 



Ex vivo "F spectrum 

^^F NMR spectra of packed ascitic cells (93.4 MHz) and a 
proton decoupled spectrum of the water extracts observed at 
254 MHz are shown in Fig. 2. The spectral separation of the 
FDM groups ft^om the FDG group was sufficient in the 
whole packed cells without *H decoupling. The increase in 
the a-FDM group towards 24 h was clearly shown in a low 
resolution spectrum at 93.4 MHz. The *H decoupled 
spectrum of tumor extracts at 254 MHz indicated that 
NDP-FDM was the main component of the a-FDM group 
signal 1 day after FDG injection. The total concentration of 
fluorine compounds determined from 93.7 MHz NMR 
spectrum was used as the uptake value of FDG in Fig. 3. In 
the early period, between 30 and 120 min after the injection 
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Figure 2. "F NMR spectra of MH134 ascitic cells collected at the 
indicated times after 100 mg/kg i.v. injection, (a)-(c) Paclced 
ascitic cells at 1. 9, and 24 h after injeaion, observed at 
93.4 MHz; (d) proton-decoupled spectrum of water extracts of 
ascitic cells colleaed immediately after the observation of (c), at 
254 MHz. The chemical shift standard was hexafluorobenzene in 
benzene (1/400, v/v). The FDG-group (FDG), a-FDM-group 
(tr-FDM) and)S-FDM-6-P (^FDM) were distinguishable. 
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Figure 3. Uptake of FDG in collected ascitic cells and normal 
organs of 100 mg/kg FDG injected mice. Concentrations were 
determined from 93.4 MHz "F NMR spectra. Most of the points 
are the averages of n =two to four points + standard deviation. 
The data at 48 h are the averages of one to two points. 

of 100 mg FDG/kg, uptake was in the order: heart > packed 
ascite cells > brain > muscle and the other organs. The order 
of uptake after 9 h was changed as follows: heart = packed 
ascitic cells > other organs. The remarkably long retention 
of FDG and its metabolites reported in the previous work, in 
the heart of healthy male ddY mouse^'' and in the ascitic 
cells of Sarcoma 180 bearing male ddY mice,'** was 
reproduced with female C3H mice bearing MH134 tumors 
in the present study. The contribution from the FDM group 
to the total uptake is shown in Fig. 4. It increased to 67% of 
the total uptake value 24 h after and to 72% 48 h after FDG 
injection in ascitic cells, which is comparable to our 
previous observation of 73% in the ascitic cells of Sarcoma 
180-bearing ddY mice collected 48 h after 200 mg/kg FDG 
injection.*** The ratio FDM-group/total uptake was also high 
in heart, 66-70% at 24 and 48 h, which was similar to the 
value of 70-74% in the healthy ddY mice.' High values 
were also obtained in the brain and muscle. 

The NMR spectra of the extraction residue indicated that 
the efficiency of the water extraction of metabolites from 
each organ was higher than 80% of visible signals, and it 
was nearly constant through the metabolites: FDG, a-FDM, 
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Figure 4. Concentrations of the FDM-group of metatx>Mtes 
found in MH134 asctic cells and organs of MH134 bearing mice 
injected with 100 mg/kg FDG, relative to total uptake value. The 
data of organs without detectable signals were not included. 
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Figures. Concentrations of NDP-FDM found in the water 
extracts of MH134 ascitic cells and organs of 100 mg/kg FDG 
injected mice. 

and ^FDM groups in the phosphates or NDP bound forms. 
Thus, the composition of metabolites was evaluated from 
the *H decoupled spectra of water extracts (as in Fig. 2(d)), 
The contribution of NDP-FDM to the FDM signal in Fig. 4 
and consequently to the total uptake was found to be 
dominant in tumor and heart 1 day after injection, as seen in 
Fig- 5. 

The rate of conversion from FDG to the FDM-group was 
evaluated in two ways. In the early period afler FDG 
injection, when the reaction was limited to the epimeriza- 
tion from FDG-6-P to FDM-6-P, typically within 1 h, the 
rate could be estimated by the half time in approaching the 
equilibrium ratio of these two compoimds, when FDM-6-P 
formed 42.9% of the total metabolites.'* From the data of 
Fig. 4, it was evaluated to be 0.6 h for brain and heart, 0.7 h 
for MH134 cells and 0.5-1 h for muscle, and much slower 
values for intestine (2 h) and liver (4 h). The next step, the 
approach to the final state where the dominant metabolite 
was NDP-FDM, was a very slow process. The half times of 
approach to the maximum value of NDP-FDM specific to 
the organs as evaluated from the data of Fig. 5 were of the 
order of 12 h, e.g. ascitic cells (12 h), heart (10 h) and 



muscle (16 h). In the organs such as brain, liver and 
intestine where the metabolites became almost undetectable 
in 1 day, the contribution from NDP-FDM was much less. 
This suggested a correlation between retention and the 
amount of NDP-FDM formed. Although FDG metabolism 
in tumor cells were slow, of the order of 0.7 h from FDG- 
6-P to FDM-6-P and 12 h from FDM-6-P to NDP-FDM at 
a dose of 100 mg/kg, the rate of excretion from tumor cells 
was even smaller as seen in Fig. 3. Since the excretion rate 
was an order of magnitude lower than the rates of these 
reactions, we were able to measure the time courses of the 
reactions themselves by the NMR method with low time 
resolution. 



In vivo spectrum 

In vivo spectra of the mice bearing ascitic hepatomas, taken 
immediately after the injection of 200 mg/kg of FDG and at 
some subsequent intervals, are shown in Fig. 6. The time 
course of FDG dynamics determined fix)m in vivo spectra is 
depicted in Fig. 7. The profile of conversion from the FDG 
group to the FDM group was in good agreement with the 
one obtained ex vivo. The rate of washout at the initial stage 
was laiger compared to the ex vivo data (Fig. 3). The r^son 
is probably the higher dose used for this in vivo observation, 
which was greater by a factor of two than that for the ex vivo 
study. The spectnmi of the last in vivo observation (in Fig. 
6(a)), had essentially same relative intensities as the excised 
cells (Fig- 5(b)) and the water extract (Fig. 5(c)), which 
indicated the equal visibility of F signals in vivo and in the 
high resolution NMR probe, and confirms the efficiency of 
water extraction from tumor cells. 



"F images 

''F NMR chemical shift selected images were constructed 
fix)m the signal of the FDG-group, starting at 5 h after the 
200 mg FDG/kg injection and accumulated for 107 min. 




iL 



Figure 6. NMR spectra (254 MHz) of a 200 mg/kg FDG injected mouse, (a) In vivo spectra of the lower abdomen, 
obtained by a 12 mm surface coil under halothane (0.5%) anesthesia, with 15 min data accumulations. The starting 
time is shown in the figure, (b) Proton-decoupled spectrum of packed asciUc cells immediately after the in vivo 
observation, (c) Proton decoupled spectrum of water extracts of collected cells used for (b). 
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and of the FDM-group starting at 25 h after the injection 
and accumulated for 160 min. They are shown in Fig. 8 with 
the respective 'H scout images and '^F spectra obtained by 
the same ''F/'H tunable volume coil. In the *^ FDG- 
selected image, the signal of the FDG-group was observed 
mainly at the position in the lower abdomen where ascitic 
cells were expected. A strong, signal was observed at the 
position of the bladder during this period. The region of 
tumor cells was visualized in the FDM-group selected 
image 1 day after FDG injection as well as the position of 
bladder. A spectrum taken at 28 h with a 12 mm surface 
coil as a receiver with a 43 jjis pulse at the lower abdomen 
was also shown in Fig. 8. The spectral pattern was 
essentially the same as that which we obtained from the 
whole body at 25 h. The concentrations of metabolites 
determined immediately after the last spectral measurement 
were as follows: FDG-group, 220 p^mol/kg; a-FDM-group, 
430jxmDl/kg; ^FDM-group, 30 pimol/kg in collected 
ascitic cells; FDG-group, 210 fxmol/kg; and FDM-group, 
690 |jimol/kg in heart. Taking account of the fact that the 
ascitic cells are in fluid at a concentration of 1/4-1/3, v/v, 
the in vivo concentration of the FDM-group used for the last 
*'F image should be below 150 ^mol/kg. No such images 
were obtained from healthy mice 1 day after FDG 
injection. 



DISCUSSION 
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Figure 7. (a) The time course of FDG dynamics determined from 
the data of Rg. 6. The concentrations at 24 h was determined 
from the spectrum of collected cells, which was used with the 
relative intensities of in vivo spectra to determine the concentra- 
tion at each time, assuming that the sensitivity in each 
experiment was the same, (b) The FDG dynamics from the ex 
vivo data of excised ascitic cells in Fig. 3. (a) and (b) are 
essentially the same except for the initial stage where the effect 
of the doubled dose used for the in vivo observations was 
significant 



The retention of FDG metabolites in heart and tumor tissue 
over 2 days was confirmed in female C3H mice by ''F 
NMR, It generalized our previous observations of their long 
retention in heart' and tumor'** using mice of different 
strains and gender, healthy or with tumor cells of different 
origin. 

The main metabolite found in the ascitic cells 1 day after 
FDG injection was NDP-FDM, which formed 0.5 mmol/kg 
of packed cells at the dose of 100 mg/kg body weight. The 
formation of NDP-FDG and NDP-FDM in living systems 
has been reported in yeast and chick-embryo cells using ^H- 
labeled FDG and FDM and ''C-Iabeled GTP and UTP by 
the method of radioactive gas-liquid chromatography.''* The 
products of C2-epimerization such as GDP-FDM from 
FDG have been found in yeast cells.'* The "F-activity found 
in the nucleotide derivatives of '^FDG in rat tumor has been 
shown to be proportional to that of '*FDG-6-R" However, 
this is probably the first report of the formation of NDP- 
FDM from FDG as the dominant metabolite in heart and 
tumor cells. 

The slow washout of FDG from cancer cells has been 
explained by the low activity of glucose 6-phosphatase,^' '^ 
which also accounts for high rate of uptake in brain.^ * A 
decreased activity of glucose-6-phosphatase in Morris 
hepatomas has been reported.'* In the present work, 
however, the half washout time of FDG metabolites in brain 
of ca. 4 h was much shorter than those of heart of 1 day and 
tumor which was over 2 days. In spite of very low initial 
uptake, retention over 2 days was also observed in muscle 
(Fig. 3), where the formation of the FDM group was not 
small (Fig. 4). A strong correlation was foiind between the 
retention of FDG metabolites and the formation of NDP- 
FDM. These results suggest the presence of many factors in 
addition to the modified activity of glucose-6-phosphatase 
on the glucose analogs FDG-6-P and FDM-6-P as the 
mechanism of slow FDG clearance. Nor have we any 
evidence to determine whether the long life of metabolites 
in these cells was due to the formation of NDP-FDM or 
whether the regional retention caused the accumulation of 
this compound. In order to understand the mechanism of 
retention over 2 days more work will be required, including 
the determination of the base species in NDP-FDM. The 
knowledge of such metabolites will contribute to the 
elucidation of the FDG accumulation mechanism. At least, 
we can propose here that FDG could be used as an NMR 
pharmaceutical for tumor diagnosis for both in vivo 
spectroscopy and imaging since the signal of NDP-FDM 
can be used as a maricer of tumor, with almost the only 
exception being the heart 

A mouse tumor has been visualized by using the unique 
metabolite of FDG as the target signal for chemical shift 
selected NMR imaging. Besides the proof of the new 
principle of FDG metabolism in tumor, we achieved a *^ 
chemical shift image of a metabolite at a concentration 
below 150 p,mol/kg in a small animal. The success in the 
chemical shift imaging at such a low concentration in mice 
was in part due to the slow rate of reaction and even slower 
rate of clearance of this pharmaceutical, and in part to the 
use of the high field, 9.4 T. Imaging with a vertical type 
magnet has the advantage of large Bq within a limited 
hardware cost and laboratory space, while being applicable 
to both in vivo study and high-resolution observations. 

The use of FDG for timior diagnosis was originally 



© 1997 by John Wiley & Sons, Ltd. 



NMR IN BIOMEDICINE, VOL. 10, 35-41 (1997) 



40 



Y. KANAZAWA ETAL 



proposed using the PET method, and has been established 
as a standard procedure in that field. Most of the protocols 
for FDG-PET tumor diagnosis are different from those used 
for brain activity measurements based on the original 
principle of FDG-6-P trapping; data acquired 45 min or 
more after FDG injection are known to have a better tumor 
to background contrast.^"^- Recently, single photon emis- 
sion tomography (SPECT) for FDG imaging^**' ^' has been 
seen as a promising method for meeting the wider need for 
cancer diagnosis due to its better accessibility than PET. It 
is of interest that the data acquisition periods for the clinical 
SPECT study are set in the range of 60- 150 min after 
'*FDG injection, which is later than the paired PET 
measurement and the standard FDG-PET protocol.^** The 
image contrast for tumors seems to be attained at the latest 
period allowed for the detection of '*F because of its limited 
lifetime. Recent progress in PET technology enables 
creation of a whole body map^^ which is suitable for 
searching for metastasis. However, a problem has been 
found in the accumulation of FDG in healthy muscle which 
obscures the small target tumor" This result is in good 
agreement with our finding of low but long muscle 
retention: a signal source in low concentration but large 
volume can easily mask a small target with higher 



concentration if the imaging method has low spatial 
resolution. Fukuda et alP proposed **FDM as a pharmaceu- 
tical for PET-tumor imaging. Our results from this NMR 
study support FDM as a precursor compound for synthesiz- 
ing NDP-FDM in vivo. So far, the results of studies using 
the radioactive pharmaceutical FDG and those with ''F 
NMR are in good agreement, irrespective of the order of 
magnitude difference in the dose employed, and suggest the 
importance of elucidating the mechanism of FDG retention 
in tumors. The combination of molecular information from 
the NMR study with the abundant clinical and experimental 
FDG-PET data will lead to that goal. 



CONCLUSION 

(1) Prolonged retention of FDG metabolites over 2 days 
in the heart and in tumors, mainly in the form of NDP- 
FDM, has been shown for the first time, whereas most 
metabolites were cleared from the other organs widiin 1 
day, 

(2) Ex vivo and in vivo *^ NMR spectra of FDG and its 
products were consistent, confirming in vivo NMR detect- 
ability of FDG metabolites and the reliability of 
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Figure 8. Chernical shift selected "F coronal images (376 MHz) of a 200 mg/kg FDG injected into an asciles-bearing mouse 
under pentobarbital anesthesia with con^esponding scout images and the "F spectra taken immediately before the "F 
image, (a) Data acquisition started at 5 h after the FDG injection and accumulated for 107 min. The FDG-group was selected 
for the F image, (b) Data acquisition started at 25 h after the injection of FDG, and accumulated for 160 min. The a-FDM- 
grtxjp was selected. The image intensity of (b) was doubled compared with that of image (a). ^»F images were processed 
as follows: zerofilled to 256 x 1 28 data points, subjected to a gaussian filter of 500 Hz bandwidth, and displayed at 1 .2 times 
intensity steps, (c) "F spectrum from the lower abdomen with a 12 mm surface coil. 
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quantification, 

(3) The NMR signal of the FDM-group of metabo- 
lites, mainly from NDP-FDM, was shown to be a good 
target for in vivo, spectroscopy and imaging, to assist in 
tumor detection. 

(4) The applicability of chemical shift imaging to the 
study of metabolites at low concentration in small animals 
by high field magnetic resonance has been demonstrated. 
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I, Jeny L. Bryant, M.S., do declare that: 

1 . I am a United States citizen residing at 686 1 Staffordshire St Houston, TX 77030. 

2. I currently hold the position of Chief Technology OfiBcer, Head of Scientific Evaluation, 
Division of Business Development, Cell>Point, LLC, 7120 E. Orchard Road, Suite 350, 
Englewood, CO 80111. A copy of my curriculiun vitae, including a list of my 
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3. I am skilled in the synthesis and use of radionuclide-labeled imaging agents, as evidenced 
by the following: 

• I have worked as Chief Technology OfiBcer of Cell>Point, LLC since 200 1 . 

• I have been employed as the Director of Research Development of VeriMed Research 
Corporation m Houston, TX, from 2002-2004. 

• My duties at Cell>Point and VeriMed include participation in the development of novel 
radiopharmaceuticals for different diseases, such as cancer, cardiovascular disease, and 
diabetes. I have also been involved with studies directed to the synthesis and use of 
radionuclides, and studies directed to understanding the mechanism and biochemistry of 
the agents as it pertains to the pharmacokinetics and biodistribution of the agents in 
animals and htmians. In addition, I have been involved in the evaluation of new 
technologies for the treatment of cancer, cardiovascular disease, and diabetes. 

• I was employed as Chief Scientific Officer of Allcure, Inc., in Houston, TX, fix)m May, 
2001 -May, 2002. My duties at Allcure included designing and marketing in vitro and in 
vivo services to drug and bio-tech companies for evaluating compounds of interest 
(nuclear medicine, SCID mouse in vivo service and mechanism studies). 

• I have experience as a Research Assistant 11 in the Department of Nuclear Medicine, the 
Division of Diagnostic Imaging, of the University of Texas M.D. Anderson Cancer 
Center, from October, 2002 to June, 2003. 

• I am a co-inventor of three patent applications that pertain to imaging technology, 
including USSN 10/703,405 ("Ethylenedicysteine (EC>Drug Conjugates, Compositions, 
and Methods for Tissue Specific Disease Imaging," Yang et aL); USSN 10/942,615 
("Mechanism-Based Targeted Pancreatic Beta Cell Imaging and Therapy," Yang et aL); 
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and USSN 10/732,919 (N2S2 Chelate-Targeting Ligand Conjugates," Yang et al). See 
page 6 of Appendix A. 

• I have been involved in funded studies pertaining to the development and evaluation of 
imaging agents during the past five years, including: (1) a study of CT and MRI 
functional agent development and evaluation supported by VeriMed Research 
Corporation; (2) a study of 99m-Tc-Ethylenedicysteine (EC)-Drug Conjugates for Tissue 
Specific Disease Imaging supported by Cell>Point, LLC; and (3) a study to compare Tc- 
99m-EC-deoxyglucose (EC-DG) and FDG-PET scans for the evaluation of patients 
suspected of having persistent/recurrent squamous cell carcinoma of the larynx after 
definitive treatment with radiation therapy and the evaluation of primary lung cancer 
patients, sponsored by Cell>Point, LLC. See page 7 of Appendix A. 

• I am a co-author of seven articles and numerous abstracts pertaining to the evaluation and 
testing of radiolabeled imaging agents. Seepages9-14of Appendix A. 

• I am also a co-author of two book chapters pertaining to radiolabeled imaging agents and 
their uses in chemistry and nuclear medicine. See page 1 4 of Appendix A. 

• Regarding my formal education, I have a Master of Science degree (1991) in 
Microbiology & Cell Science and Molecular Biology from the University of Florida, and 
a B.S. degree (1987) in Chemistry and Biochemistry from Tennessee State University. 

• I have extensive expOTCTce in cell and molecular biology, as delineated in my curriculum 
vitae. See pages 2-3, Appendix A. 

4. I have reviewed the above-referenced application, as well as the Office Actions to the 
above-referenced application that are dated September 29, 2003, and June 25, 2004. I 
understand that the above-referenced application was filed on or about Jxme 21, 2000. 
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I imderstand that the Examiner has rejected claims 2-4, 6, 8-10, 15, 23, 30, 31, 33-35, and 
37-41 of the above-referenced application because the Examiner believes the claims 
contain subject matter that was not described in the specification in such a way as to 
enable a skilled expert in the synthesis of radionuclide-labeled imaging agents to make 
and use the invention. I understand that the Examiner believes this to be true because she 
considers the potential number of EC-targeting ligand complexes to be too vast since the 
phrases "anticancer agent," '^tumor marker," "folate receptor targeting ligand," "tumor 
apoptotic cell targeting ligand," "tumor hypoxia targeting ligand," and "an agent that 
mimics glucose" are said to be unlimited. I also understand that the Examiner believes 
the art pertaining to the synthesis of ethylenedicysteine (EC)-targeting ligand complexes 
is highly unpredictable, and deteraMning which types of targeting ligands would bind EC 
and generate results would require an undue amount of experimentation such that there 
would be little predictability in practicing the claimed invention. In addition, the 
examples presented in the specification are considered by the Examiner to be insufficient 
to enable the public to prepare the claimed EC-targeting ligand complexes. I 
respectfully disagree for the reasons set forth below. 

I also understand that the Examiner has rejected claims 2-4, 6, 8-10, 15, 23, 30, 31, 33- 
35, and 37-41 of the above-referenced application because the Examiner believes that the 
claims are indefinite because they do not particularly point out and distinctly claim the 
subject matter that the inventors believe is their invention. In particular, the Examiner is 
of the opinion that the claims are confusing because the phrases "anticancer agent," 
'^tumor marker," 'Tolate receptor targeting ligand," "tumor apoptotic cell targeting 
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ligand," "tumor hypoxia targeting ligand," and "an agent that mimics glucose" are 
considered unlinfiited. I again respectfully disagree for the reasons set forth below. 

7. As a scientist who has woilced in translational medicine, the technology disclosed in the 
above-referenced patent application Avill serve as the foundation for the development of 
novel diagnostic and therapeutic radiopharmaceuticals. A single technology with the 
capability to simplify the ease of radiolabeling of an array of tissue specific ligands has 
not been available to scientists and clinicians who work in the field of nuclear oncology, 
nuclear cardiology and infectious disease. It is important to note that the chemistry of 
the claimed technology is such that a skilled expert m the synthesis of radionuclide- 
labeled imaging agents, with the availability of the present specification, will be able to 
make and use the invention without imdue experimentation. 

8. The beauty of this technology is its ease of use. Even the most average of skilled experts 
should have no difficulty making and using the invention when presented with the 
information in the present specification. It is well known that scientists and clinicians 
working in oncology, cardiology and infectious disease have had a very keen interest in 
tissue specific radiolabeled ligands that can be used to identify specific tissue type(s) in 
an in vivo model. 

9. Without reservation, I believe that if a skilled expert had the foresight to mvent and 
develop this technology many years ago, it would be in routine use by scientists in the 
laboratory and clinicians in the hospital. With access to the information set forth in the 
present specification, I have no doubt that a skilled expert in the synthesis of 
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radionuclide-labeled imaging agents can easily and conveniently make and use the 
invention for their specific field of interest. 

10. One skilled in vthe synthesis and use of radionuclide imaging agents would have been 
enabled to make and use the claimed invention when presented with the information 
provided in the specification. The information provided in the specification would have 
permitted one skilled in the synthesis and use of radiolabeled imaging agents to 
understand that the phrases "anticancer agent," 'tumor marker,** "folate receptor targeting 
ligand," "tumor apoptotic cell targeting ligand," "tumor hypoxia targeting ligand," and 
"an agent that mimics glucose" are generally accepted phrases that are used to refer to 
specific, defined classes of targeting ligands. One skilled in the synthesis and use of 
radionuclide imaging agents would have no difiBculty making and using the claimed 
invention when presented with the information provided in the specification. By utilizing 
the claimed technology, a skilled expert would be able to build upon their existing 
knowledge to develop better radiolabeled imaging agents for genetic diseases and other 
human diseases. Therefore, the specification, with its numerous working examples, 
provides sufBci^t guidance to one of skill in the synthesis of radionuclide imaging 
agents to predictably identify the EC-targeting ligand complexes of the invention without 
an undue amoxmt of experimentation. 

11. The cited sections of the specification and reference materials set forth beginning with 
paragraph 12 below provide facts in support of my assessment. In particular, these cited 
sections of the specification and reference materials support my conclusions regarding 
the general use and imderstanding of the phrases "anticancer agent," "tumor maricer," 
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"folate receptor targeting ligand," "tumor apoptotic cell targeting ligand," "tumor 
hypoxia targeting ligand " and "an agent that mimics glucose," and the fact that EC- 
targeting ligands of the present invention that incorporate an "anticancer agent," a "tumor 
marker," a "folate receptor targeting ligand," a "tumor apoptotic cell targeting ligand," a 
"tumor hypoxia targeting ligand," or "an agent that mimics glucose" can be made and 
used without an undue amount of experimentation. 

12. Claims Pertaining to Anticancer Agents 
Support in the Specification 

The entire specification provides a substantial amount of detail regarding embodiments of 
the claimed invention where the tissue specific ligand is an anticancer agent. Particular 
sections of the specification that are exemplary include page 5, lines 16-18, which 
provides examples of anticancer agents to be used in the claimed EC-targeting ligand 
complexes and page 9, lines 18-24 which indicates that examples of anticancer agents 
include chemotherapeutic agents used in the treatment of cancer. A listing of exemplary 
anticancer drugs is provided in Table 2 (page 34, line 24 through page 42, line 2). 

13. Information pertaining to the conjugation chemistry of anticancer agents and additional 
examples of anticancer agents for use in the invention are provided on- page-^Kiifes 4-16 
and on page 22, lines 18 through page 23, line 21. The specification also provides 
substantial guidance pertaining to the preparation of EC-targeting ligand derivatives (see, 
e.g., page 7, lines 5-13 and page 20, lines 7-15), and the radionuclide labeling of these 
EC-targeting ligand derivatives (see, e.g., page 7, lines 15-20 and page 7, line 17 through 
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page 22, line 16; page 21, line 6 Ifarough page 22, line 16; page 23, line 23 through page 
24, line 16). 

y 

14. Examples of radiolabeled Ugands of the present invention where the targeting ligand is an 
anticancer agent are provided on page 6, line 30 through page 7, line 4, and Table 1 , page 
23. Information pertaining to tiie synthesis, biodistribution, and imaging properties of 
^^^C-EC-methotrexate and ^^TTc-EC-tomudex are discussed in Example 1 (page 32, 
line 10 through page 45, line 7) and FIGS. 2 and 3 . Information pertaining to the 
synthesis, biodistribution, and imaging properties of ^TC-EC-colchicine is discussed in 
Example 5 (page 56, line 1 1 through page 60, line 17), FIGS. 21-27, and Tables 6 and 7. 

1 5. Reference Materials Available Around the Time of the Priority Date 

Around the time of the priority date, nxmierous anticancer agents were known and widely 
used in the treatment of cancer. See, eg., review in Connors, 1996 (Exhibit 1). I/i vitro 
studies, animal protocols, and clinical trials, were evaluation tools commonly used to 
assist in the identification of anticancer agents. Reviewed in Connors, 1996 (Exhibit 1). 
Exemplary in vitro studies that were known to be useful in the identification of 
anticancer agents included cancer cell growth inhibition studies (see, e.g., Jiang et al 
(Exhibit 2), 1983; Jiang et al, 1998 (Exhibit 3); Palyl et al, 1999 (Exhibit 4), and 
Yoshinari et al, 1999 (Exhibit 5); U.S. Patent 5,356,793 (Exhibit 6); Yamori et al, 1999 
(Exhibit 7)). In vivo studies to evaliiate anticancer agents ranged fix>m himian cancer 
xenografts in nude mice (see, e.g., Cammisuli et al, 1996 (Exhibit 8) and Hjamaa et al, 
1999 (Exhibit 9); Yamori et al, 1999 (Exhibit 7)) and other tumor-bearing animal studies 
(see, e.g., Cafaggi et al, 1992; Exhibit 10) to clinical trials involving patients afflicted 
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with cancer (reviewed in Connors, 1996 (Exhibit 1); see, e.g., Foa et al, 1994 (Exhibit 
11)). The chemical and physical properties of many of these agents were well- 
imderstood. See, e.g., Pavlik et al^ 1983 (Exhibit 12). Thus, one of skill in the synthesis 
and use of radionuclide agents for imaging would have understood that numerous 
anticancer agents were known to be in existence, and numerous commonly available 
laboratory and clinical investigative techniques were available to assist in the 
identification of new anticancer agents. The phrase "anticancer agenf would have been 
understood to refer to agents such as chemotherapeutic drugs such as methotrexate, 
paclitaxel or tamoxifen, which had been widely used by scientists and clinicians for many 
years. 

Furtheraiore, the use of anticancer agents as targeting ligands was well-known at around 
the time the application was filed in the context of imrelated inventions. For example, 
WO98/08859 (Exhibit 13) described bioconjugates of a bioactive agent and an 
organocobalt complex, where certain aspects of the invention involved an anticancer 
agent as the bioactive agent. See abstract. In Chakrabarti et al^ 1998 (Exhibit 14), the 
antitumor antibiotic chromomycin A3 was reported to be a "DNA-binding ligand." See 
abstract Immimoconjugates that included an antibody firagment covalentiy bound to a 
diagnostic or therapeutic agent, such as an anticancer agent, were described in U.S. 
Patent 5,635,603 (Exhibit 15). Conjugation of the anticancer agent gemcitabine to agents 
that target peripheral benzodiazepine receptors in tumors was described by Guo and 
Gallo (1999) (Exhibit 16). 
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17. I am aware of publications of the present inventors wherein anticancer agents were used 
as targetmg ligands in conjugates for unagmg. For example, Inoue et al. (1999) (Exhibit 
17) disclosed ^"in-DTPA-paclitaxel conjugates for use in scintigraphy. Zareneyrizi et 
aly 1999 (Exhibit 18) described the use of *^c-EC-colchicine for imaging studies, and 
Yang et al, 1999a (Exhibit 19) described synthesis of "^In-labeled DTPA-methotrexate 
for use in imaging studies. One of ordinary skill in the synthesis and use of radiolabeled 
imaging agents would have understood that paclitaxel, colchicine, and methotrexate are 
exemplary anticancer agents that can be incorporated as targeting ligands into the 
conjugates of the claimed invention. Furthermore, one of ordinary skill in the art would 
have understand that these publications, which pertain to the synthesis of radiolabled 
conjugates, would provide background information to one of ordinary skill in the art 
vdiich would enable a person of skill in the art, upon reading the specification, to practice 
the claimed invention without an imdue amoimt of experimentation. 

1 8. Therefore, one skilled in the synthesis and use of radiolabeled imaging agents would have 
understood, firom reading the specification, that an "anticancer agent" is a phrase used to 
refer to a member of a specific groiq) of agents that can be readily identified by in vitro 
and/or in vivo studies, such as the examples set forth above. In addition, one of ordinary 
skill in the synthesis of radionuclide imaging agents would have also imderstood that 
"anticancer agents" can be used as ligands. The cited references demonstrate that the 
state-of-the-art pertaining to the use of "anticancer agents" as ligands was highly- 
developed. As a result, one of ordinary skill in the synthesis and use of radionuclide 
i mag i n g agents, upon reading the specification of the present ^plication, would have 
been able to make and use the claimed radionuclide-labeled anticancer agents without an 
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undue amount of experimentation. Consequently, the claims of the invention particularly 
point out and distinctly claim the subject matter that is the invention. 

19. Claims Pertaining to Tumor Markers 
Stq)port in the Specification 

Aspects of the present invention that include a tumor marker as the tissue-specific ligand 
are addressed throughout the specification. For example, a general discussion concerning 
the use of tumor markers as tissue specific ligands can be found on page 5, lines 5-14. A 
list of examples of tumor markers can be foimd on page 5, lines 22, where it is noted that 
"[i]t is envisioned that any other known tumor marker or any monoclonal antibody will 
be effective for use in conjunction with the invention." Additional examples of tumor 
markers for use in the conjugates of the present invention are included in claim 9. 

20. The specification provides substantial guidance regarding the synthesis of radiolabeled 
EC-targeting ligand derivatives. In particular, information concerning the conjugation 
chemistry of ligands such as tumor markers of the present invention can be found on page 
22, line 18 through page 23, line 21. The specification also provides substantial guidance 
pertaining to the preparation of EC-targeting ligand derivatives (see, e.g., page 7, lines 5- 
13 and page 20, lines 7-15), and the radionuclide labeling of these EC-targeting ligand 
derivatives (see, e.g., page 7, lines 15-20 and page 7, line 17 through page 22, line 16; 
page 21, line 6 through page 22, line 16; page 23, line 23 through page 24, line 16). 
Information pertaining to the synthesis, biodistribution, and imaging properties of 
exemplary ^^^c-EC-targeting ligand derivatives is found in Examples 1-7 (page 32, line 
10 through page 68, line 12). 
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2 1 , Reference Materials Available Around the Time of the Priority Date 

Around the time of the priority date of the referenced patent application, the state-of-the- 
art pertaining to tumor markers and their use as targeting iigands was a developing area 
of technology in the context of unrelated inventions. In particular, numerous timior 
markers had been identified. For example, identification of a candidate tumor marker, 
PGP9.5, was described in Hibi et al, 1999 (Exhibit 20). Experimental techniques used to 
identify tumor maricers in Hibi et al (Exhibit 20) included Northern blot analysis, 
Western blot analysis, and immunohistochemical staining. In Becker et al., 1999 
(Exhibit 21), in vitro studies using Westem blotting and immunohistochemistry of E- 
cadherin transfected cells were employed to identify a mutated E-cadherin gene as a 
tumor marker. In Pavicevic et al, 1998 (Exhibit 22), enzyme immunoassays were used 
to identify CYFRA 21-1 as a serum tumor marker in lung cancer. Immunohistochemistry 
was also used to identify the association of matrix metalloproteinase-1 with poor 
prognosis in esophageal cancer (Murray et al,, 1998; Exhibit 23), and the association of 
tryptophan hydroxylase antibodies with carcinoid (Meyer et aLy 1998; Exhibit 24). 

22. Prior to the priority date, tumor markers were used in various contexts as targeting 
Iigands. U.S. Patent 4,988,496 (Exhibit 25) disclosed chelate-targeting agent conjugates 
wherein the targeting agent ligand is a monoclonal antibody directed against an antigen 
on a tumor cell. See claims 3, 5, 6, and 7 of Exhibit 25. U.S. Patent 4,824,659 (Exhibit 
26) disclosed modified antibodies that can bind a ligand, \^erein the ligand in certain 
aspects of the invention is a maricer which is produced by or associated with a tumor or a 
pathological lesion, (see claim 5). U.S. Patent 5,877,289 (Exhibit 27), vMch pertained to 
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methods and compositions for use in the coagulation of blood vessels, described agents 
that "bind to a tumor cell" as targeting ligands. Page 5, column 1, lines 10-14. U.S. 
Patent 5,013,556 (Exhibit 28) disclosed compositions of liposomes with enhanced 
circulation times, which in certain embodiments included surface-boimd targeting ligands 
that could be specific antibodies directed against tumor-specific antigens. See claims 15 
and 29. Lundberg et aL (1999) (Exhibit 29) described the conjugation of an anti-B-cell 
lymphoma monoclonal antibody to the surface of lipid-emulsion globules using a novel 
coupling agent I am aware that a publication of the inventors, Kim et cd.y 2000 (Exhibit 
30) disclosed ^^™Tc-EC-polyglutamate in an effort to target glutamate receptors, v^diich 
were known to be overexpressed in certain tumors. One of ordinary skill in the synthesis 
and use of radiolabeled imaging agents would have understood, from reading Kim et aL, 
2000 (Exhibit 30) that polyglutamate is an example of a tumor marker ligand that could 
be incorporated into the conjugates of the claimed invention. In view of the backgroxmd 
information provided in publications such as Kim et ah, 2000 (Exhibit 30) and the other 
publications set forth above, one of ordinary skill in the synthesis and use of radiolabeled 
imaging conjugates, upon reading the specification, would have been able to make and 
use the claimed radiolabeled conjugates without an undue amount of experimentation. It 
would foUow that one of ordinary skill in the synthesis and use of radiolabeled contrast 
agents would have understood that tumor markers were actively used as targeting ligands 
at around the time of the priority date, and the state-of-the art was well-established. 

23. In view of the mfbrmation provided in the specification, one of ordinary skill in the 
synthesis and use of radionuclide imaging agents would have been able to make and use 
the claimed radionuclide-labeled tumor marker conjugates of the present invention 
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without an undue amount of experimentation. One of ordinary skill in the synthesis and 
use of radionuclide imaging agents would have imderstood that a "tumor maiker" refers 
to a member of a group of agents that can be readily identified by techniques such as 
Northern blot analysis. Western Blot analysis, and immunohistochemistry, and that the 
claims of the invention particularly point out and distinctly claim the subject niatter that 
is the invention. 

24. Claims Pertaining to Folate Receptor Targeting Ligands 

Support in the Specification 

The specification provides detailed information pertaining to folate receptor targeting 
ligands and the preparation of radiolabeled folate receptor targeting ligands. Exemplary 
folate receptor targeting ligands are provided on page 5, line 23 and page 7, line 1. 
Information regarding the conjugation chemistry of targeting Ugands, including folate 
receptor targeting ligands, is provided on page 6, lines 4-19 and page 22, line 18 through 
page 23, line 21. A detailed discussion pertaining to folate receptor targeting can be 
found on page 25, line 28 through page 26, line 27. 

25. The specification also provides substantial guidance pertaining to the preparation of EC- 
targeting ligand derivatives (see, e.g., page 7, lines 5-13 and page 20, lines 7-15), and the 
radionuclide labeling of these EC-targeting ligand derivatives (see, e.g., page 7, lines 15- 
20 and page 7, line 17 through page 22, Ime 16; page 21, Une 6 tiirough page 22, line 16; 
page 23, line 23 through page 24, line 16) that can be applied in the preparation of 
radiolabeled EC-folate receptor targeting ligand derivatives. In addition. Example 1 and 
FIGS. 1-6 includes information regarding the synthesis, biodistribution and imaging 
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studies pertaining to ^c-EC-folate, ^c-EC-MTX, and ^Tc-EC-TDX, Page 32, 
line 1 0 through page 45, line 7. 

26. Reference Materials Available Arotmd the Time of the Priority Date 

Around the priority date of the referenced patent application, there was a substantial 
amount of information pertaining to folate receptors and folate receptor targeting ligands 
in the context of unrelated inventions. The structure of the folate receptor, molecular and 
biochemical aspects of the folate receptor, and transport of agents across the folate 
receptor were established areas of research. Reviewed in Antony, 1996 (Exhibit 31); see 
also Holm et al^ 1994 (Exhibit 32), pertaining to the folate receptor of human mammary 
adenocarcinoma and Westerhof et aL, 1991 (Exhibit 33) pertaining to membrane 
transport of natural folates and antifolate compounds in murine leukemia cells. It was 
known that marked overexpression of folate receptors in some malignant cells suggested 
that the folate receptor may be an important target for diagnostic or therapeutic 
exploitation. 

27. In addition, folate analogs were used in various contexts as targeting ligands. In 
particular, Sudimack et al., 2000 (Exhibit 34) addressed mechanisms of targeted drug 
delivery via the folate receptor, including "coupling [of the dmg] to a high afiSnity ligand, 
folic acid " Abstract, page 147. The abstract notes that folic acid is "a high aflBnity 
ligand of the folate receptor," and "folate conjugation, therefore, presents an altemative 
method of targeting the folate receptor." Abstract, page 147. U.S. Patent 5,108,921 
(Exhibit 35), U.S. Patent 5,416,016 (Exhibit 36), and U.S. Patent 5,820,847 (Exhibit 37) 
described methods of enhanced transmembrane transport of molecule complexes of an 

25455175.1 15 



agent and a targeting ligand, where, in certain embodiments, the targeting ligands are 
folate analogs and other folate receptor-binding ligands. See Abstract and claim 1 in 
these patents. Examples of folate receptor targeting ligands presented in these patents 
include foUc acid, folinic acid, pteropolyglutamic acid, and folate receptor-binding 
pteridines such as tetrahydropteiins, dihydrofolates, tetrahydrofolates, and their deaza and 
dideaza analogs. See, e.g., column 7, lines 28-34 of U.S. Patent 5,108,921 (Exhibit 35). 
U.S. Patent 5,891,468 (Exhibit 38) pertains to fusogenic liposome compositions that in 
certain aspects include, in certain embodiments, a targeting ligand such as folate attached 
to a hydrophilic polymer chain. See abstract and claims 1, 8, and 9. U.S Patent 
6,033,884 (Exhibit 39) pertains to nucleic acid transporter systems for delivery of nucleic 
acid to a cell, where the transporter system contains a binding molecule covalently linked 
to a surface targeting ligand, such as folate. See abstract and claims 1,3, and 4. 

28. Regarding the development and use of radiolabeled agents for imaging, in 1998, ^^c- 
ethylenedicysteine-folate was described as a new tumor imaging agent in a publication of 
the mventors. Ilgan et al, 1998 (Exhibit 40). One of ordinary skill in the art would have 
understood that in view of the background information provided in Ilgan et al and the 
other publications set forth above, one of ordinary skill in the synthesis and use of 
radiolabeled imaging conjugates, upon reading the specification, would have been able to 
make and use the claimed imaging conjugates without an imdue amount of 
experimentation. These publications demonstrate that the state of the art as to folate 
receptor targeting and use of folate receptor as targeting ligands was well-developed, and 
skill in the art was very high. 



25455175.1 



29. In view of the disclosure in the specification, one of ordinary skill in the synthesis and 
use of radionuclide imaging agents, upon reading the specification, would have been able 
to make and use the claimed radionuclide-labeled folate receptor targeting ligand 
conjugates of the present invention without an undue amount of experimentation. One of 
ordinary skill in the synthesis and use of radionuclide imaging agents would have 
understood that a "folate receptor targeting ligand" refers to a member of a group of 
agents that can be readily identified, and that the claims of the invention particularly 
point out and distinctly claim the subject matter that is the invention. 

30. Claims Pertaining to Tumor Apoptotic Cell Targeting Ligands 
Support in the Specification 

The specification provides substantial guidance regarding aspects of the invention that 
include a tumor apoptotic cell targeting ligand. In particular, page 5, lines 24-25 provide 
specific examples of the tumor apoptotic cell targeting ligands. Information pertaining to 
the conjugation chemistry of ligands, including tumor apoptotic cell targeting ligands, is 
provide on page 22, line 18 through page 23, line 21. A discussion regarding the imaging 
of tumor apoptotic cells, which includes an example of tumor apoptotic cell targeting 
ligands (annexin V), can be found on page 28, lines 14-20 and page 29, lines 19-23, 
Example 4 (page 54, line 24 tiirough page 56, line 8) and FIGS. 18-20 provide 
information pertaining to the synthesis, biodistribution, and imaging studies ^jof a 
radiolabeled conjugate that includes annexin-V, a tumor apoptotic cell targeting ligand. 



31. The specification also provides substantial guidance pertaining to the preparation ,of EC- 
targeting ligand conjugates (see, e.g., page 7, lines 5-13 and page 20, lines 7-15), and the 
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radionuclide labeling of these EC-targeting ligand derivatives (see, eg., page 7, lines 15- 
20 and page 7, line 17 through page 22, line 16; page 21, line 6 through page 22, line 16; 
page 23, line 23 through page 24, line 16). This information can be directly applied in 
the synthesis of radiolabeled EC-tumor apoptotic cell targeting ligand conjugates. 

32. Reference Materials Available Around the Time of the Priority Date 

At around the time of the priority date of the present patent application, it was well- 
established that apoptosis plays a critical role in the physiology of cancer. Reviewed in 
Thompson, 1995 (Exhibit 41). The cascade of cellular events that occur during 
apoptosis, and the search for markers for apoptosis was an established area of research. 
Reviewed in Blankenberg et al, 1998 (Exhibit 42). 

33. Markers for apoptosis were actively under investigation in the context of unrelated 
inventions. For example, in vitro assays had been developed that use annexin V to detect 
apoptosis in a wide variety of cell types (see, e.g., Boersma et ai, 1996 (Exhibit 43); 
Reutelingsperger and van Heerde, 1997 (Exhibit 44)). Using the RNAse protection 
assays and western blotting assays, Takamizawa et aL, 2000 (Exhibit 45), investigated 
the expression of apoptotic proteins by evaluating apoptotic mRNA species in tumor 
specimens. 

34. The phrase **tumor apoptotic cell targeting ligand" would have been and should be well 
understood to refer to a very limited nimiber of specific compounds which are capable of 
detecting the death of tumor cells. A number of q)optotic cell targeting ligands had been 
identified. For example, PK11195, a ligand of the mitochondrial benzodiazepine 
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receptor, was found to facilitate the induction of apoptosis of cells in vitro (Hirsch et al^ 
1998; Exhibit 46). Annexin V, certainly the most well known and widely used tumor 
apoptotic ligand, had been identified as an apoptotic targeting ligand for radioimaging by 
Blankenberg et al (1998) (Exhibit 42), who demonstrated that ^c- 
hydrazinonicotinaniide-annexin V could be used to detect and serially image tissues and 
organs imdergoing programmed cell death.. Parallel work by van den Eijnde et al, 1997 
(Exhibit 47), supported the use of annexin V for in situ detection of apoptotic cells in 
developing embryos using immunohistochemical techniques. Scientists aroimd the world 
had been working with annexin V for a number of years as of the priority date. 
Furthermore, studies using cell culture techniques were underway to elucidate the role of 
Fas ligand in anticancer drug-mediated apoptosis. (see, e.g., Tolomeo et al, 1998 
(Exhibit 48); McGahon et al, 1998 (Exhibit 49)). Therefore, the state-of-the-art related 
to apoptotic cell targeting hgands was well-established. U.S. Patent 5,834,266 (Exhibit 
50) and U.S. Patent 6,054,436 (Exhibit 51) pertain to methods of initiating apoptosis in 
genetically engineered cells using chimeric proteins c^ble of cross-linking ligands. See 
abstract and claim 1 in both patents. 

Based on the above, one of ordinary skill in the synthesis and use of radionuclide imaging 
agents, upon reading the specification, would have been able to make and use the claimed 
radionuclide-labeled qK)ptotic cell targeting ligand conjugates without an undue amoimt 
of experimentation. Furthermore, one of ordinary skill in the synthesis and use of 
radionuclide imaging agents would have understood that an "apoptotic cell targeting 
ligand" refers to a member of a specific group of agents that can be readily identified 
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using techniques such as those set forth above, and that the claims of the invention 
particularly point out and distinctly claim the subject matter that is the invention. 

36. Claims Pertaining to Tumor Hypoxia Targeting Ligands 
Specification 

The specification provides in-depth information pertaining to aspects of the invention that 
include tumor hypoxia targeting ligands. Information concerning the benefits of imaging 
based on hypoxia is discussed on page 2, line 25 through page 3, line 25. Examples of 
tumor hypoxia targeting ligands are disclosed on page 5, lines 24-25. Information 
pertaining to the conjugation chemistry of these ligands is provided on page 6, line 4-19. 
A discussion pertaining to the assessment of tumor hypoxia by imaging can be found on 
page 29, line 26 through page 30, line 4, Imaging hypoxia due to stroke using ^c-EC- 
metronidazole is discussed on page 30, line 22 through page 3 1 , Ime 1 5. Example 2 and 
FIGS. 7-15 disclose information pertaining to the synthesis and stability of ^^c-EC- 
metronidazole, and imaging studies using this agent. Page 45, line 9 through page 53, 
line 13. 

37. The specification also provides substantial guidance pertaining to the preparation of EC- 
targeting ligand conjugates (see, e.g., page 7, lines 5-13 and page 20, lines 7-15), and the 
radionuclide labeling of these EC-targeting ligand derivatives (see, e.g., page 7, lines 15- 
20 and page 7, line 17 through page 22, line 16; page 21, Ime 6 through page 22, line 16; 
page 23, line 23 through page 24, line 16). This information can be directly applied in 
the synthesis of radiolabeled EC-tumor hypoxia targeting ligand conjugates. 



25455175.1 



38. Reference Materials Available Around the Priority Date of the Patent Application 

At the time of filing of the patent application, there was substantial infonnation available 
regarding tumor hypoxia targeting Ugands in the context of unrelated inventions. A 
nxmiber of hypoxia-selective antitumor agents had been identified. For example. Hay et 
al (1994) (Exhibit 52) identified bis(nitroimidazolyl)alkanecarboxamides as a new class 
of hypoxia-selective antitumor agents using in vitro and in vivo cytotoxicity and hypoxic 
cell radiosensitization assays. Garayoa et aL^ 2000 (Exhibit 53), identified 
adrenomedullin as a tumor hypoxia maricer using hypoxic cell ciilture techniques, 
Northem blot analysis, confocal immunohistochemistry, and luciferase reporter assays. 
Fluorine- 18-fluoromisonidazole had been identified as an agent that can bind selectively 
to hypoxic cells in vitro and in vivo (Rasey et al^ 1989, Exhibit 54); Rasey et aly 1990, 
Exhibit 55). U.S. Patent 5,688,487 (Exhibit 56) described particular complexes of a 
metal, a hypoxia-localizing moiety, and a complexing ligand for use in imaging, where in 
certain embodiments the hypoxia-localizing group is a hypoxia-mediated nitro- 
heterocycUc group. The phrase 'tumor hypoxia targeting ligand" would have been 
understood to refer to a limited number of specific compoimds that can detect the 
presence of hypoxia in tumors. For many years, scientists have been working witfr the 
development and use of [F-18]Fluoromisonidazole in the laboratory setting for the 
detection and measurement of tumor hypoxia in animals. 

39. Regarding the incorporation of bioactive compounds into the radiolabeled agents, Yang 
et al, 1999b (Exhibit 57), one of the publications of the present inventors, developed a 
^^c-labeled metronidazole (MN) using EC as a chelator and determined that it was 
feasible to use this agent to image tumor hypoxia. Thus, use of tumor hypoxia markers 
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as targeting ligands was well-established, and the level of expertise of those in this field 
was high. 

40. One of ordinary skill in the synthesis and use of radionuclide imaging agents, upon 
reading the specification, would have been able to make and use the claimed 
radionuclide-labeled tumor hypoxia targeting ligand conjugates without an undue amount 
of experimentation. One of ordinary skill in the synthesis and use of radionuclide 
imaging agents would have understood that a "tumor hypoxia targeting ligand" refers to a 
member of a specific group of agents that can be readily identified, and that the claims of 
the invention particularly point out and distinctly claim the subject matter that is the 
invention. I believe the claimed technology will provide the critical linkage necessary 
for the development and successful clinical study of new tumor hypoxia targeting agents. 

41. Claims Pertaining to Agents that Mimics Glucose 
Specification 

Aspects of the present invention that include agents that mimic glucose as the tissue- 
specific ligand are discussed throughout the specification. For instance, examples of 
agents that mimic glucose are discussed on page 5, line 29 through page 6, line 3. 
Information pertaining to the conjugation chemistry of these ligands can be found in the 
specification on page 6, Imes 4-19 and page 22, lines 18-28. A discussion regarding 
tumor glycolysis targeting is found on page 31, lines 20-29. Example 6 and FIGS. 40-48 
pertain to tumor glycolysis targetmg and the development of ^Tc-EC-neomycin. Page 
60, line 23 through page 64, line 26. In addition, tumor metabolic hnaging with ^^c- 
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EC-deoxyglucose is addressed in Example 7 and FIGS. 66-86. Page 65, line 4 through 
page 68, line 12. 

Furthermore, the specification provides substantial guidance pertaining to the preparation 
of EC-targeting ligand conjugates (see, e.g., page 7, Imes 5-13 and page 20, lines 7-15), 
and the radionuclide labeling of these EC-targeting ligand derivatives (see, e.g., page 7, 
Imes 15-20 and page 7, Ime 17 through page 22, line 16; page 21, line 6 through page 22, 
line 16; page 23, Ime 23 through page 24, line 16). This information can be directly 
applied in the synthesis of radiolabeled conjugates that include agents that mimic 
glucose. 

Reference Materials Around the Priority Date of the Patent Application 
The phrase "an agent that mimics glucose" would have been imderstood to refer to 
specific compounds which target glucose metabolism. Around the priority date of the 
patent application at issue, it was known that the propensity to catabolize glucose at 
elevated rates was among the most common biochemical characteristics of cancer cells. 
Reviewed m Fanciulli et al, 1994 (Exhibit 58). This feature of cancer cells led to 
investigation to identify agents that mimic glucose that could be applied in the diagnosis 
and treatment of cancer in the context of other inventions. For many years, scientists had 
been working with compounds such as [14C]deoxyglucose, which are agents that mimic 
glucose 

For over three decades, ^*F-FDG has been studied by scientists throughout the world and 
during the past fifteen years, it has grown to be widely used in nuclear medicine in the 
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context of other inventions. FDG is an agent that mimics glucose, Kanazawa et al 
(1997) (Exhibit 59) reported on the potential of 2-deoxy-2-[**F] fluoro-D-glucose (FDG), 
as an NMR pharmaceutical for cancer diagnosis. In vivo and ex vivo Y^MK studies were 
employed in Kanazawa et ah to identify^ FDG as an NMR pharmaceutical for cancer 
diagnosis. U.S. Patent 4,789,542 (Exhibit 60) described radioiodinated branched 
carbohydrates for tissue imaging that include a glucose analogue and a vinyl functional 
group. See abstract and claim 1. Examples of glucose analogues disclosed in the '542 
patent include those analogues shown in claims 2 and 3. U.S. Patent 5,643,883 (Exhibit 
61) disclosed methods of inhibiting the import of glucose-6-phosphate into the 
endoplasmic reticulum of a cell, comprising the step of administering a 
pharmacologically effective dose of a glucose analogue to said cell. Abstract and claim 
1. The glucose analogues disclosed in the '883 patent included competitive inhibitors of 
glucose-6-phosphate uptake, including 2-deoxyglucose-6-phosphate, glucosamine-6- 
phosphate and N-acetylglucosamine-6-phosphate. Column 5, lines 53-64. 

Much information was available regarding the structure and function of aminoglycosides, 
which are agents that mimic glucose (see, eg., review by Wright et aly 1998, Exhibit 62). 
U.S. Patent 4,279,992 (Exhibit 63) describes use of aminoglycosides as targeting ligands 
that can be iised to practice the invention directed to a homogeneous specific binding 
assay method for determining a ligand in a liquid medium. See claims 1 and 1 1-14. In a 
study evaluating interactions between RNA and ligands, 3D-SAR analysis was used to 
study the bound conformations of aminoglycoside ligands with Rev-binding element 
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RNA (LeClerc and Cedergren, 1998, Exhibit 64). Thus, axninoglycosides were in active 
use as targeting ligands around the priority date of the application. 

46. Therefore, a person of ordinary skill in the synthesis and use of radionuclide imaging 
agents, upon reading the specification, would have been able to make and use the claimed 

, radionuclide-Iabeled conjugates incorporating agents that mimic glucose without an 
undue amount of experimentation. One of ordinary skill in the synthesis and use of 
radionuclide imaging agents would have understood that an '^agent that mimics glucose" 
refers to a member of a specific group of agents that can be readily identified, and that the 
claims of the invention particularly point out and distinctly claim the subject matter that 
is the invention. 

47. In conclusion, claims 2-4, 6, 8-10, 15, 23, 30, 31, 33-35, and 37-41 of the above- 
referenced patent application contain subject matter \^ch was described in the 
specification of the above-referenced application in such a way as to enable one of 
ordinary skill in the synthesis and use of radionuclide imaging agents to make and use the 
invention. The description of the invention provided in the specification is sufiBciently 
clear and concise such that one of ordinary skill in the synthesis and use of radionuclide 
imag^ig agents would be able to make the claimed agents and practice the claimed 
methods without an undue amount of experimentation. The potential niunber of EG- 
targeting ligand complexes is not vast and unlimited. Rather, each of the groups set forth 
by the phrases ^'anticancer agent," "tumor marker," "folate receptor targeting ligand," 
"tumor apoptotic cell targeting ligand," "tumor hypoxia targeting ligand," and "an agent 
that mimics glucose" are limited, and targeting ligands belonging to each of these groups 
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can be identified using techniques known to those of ordinary skill in the synthesis and 
ijse of radionuclide ima^g agents. As set forth above, the art pertaining to the synthesis 
and use of EC-targeting ligand complexes was highly advanced at the time of filing of the 
application, and determining which types of targeting ligand complexes would bind EC 
and generate results would not have required an undue amount of experimentation. As a 
result, there would be predictability in practicing the claimed invention. Furthermore, the 
working examples presented in the specification are sufficient to enable the public to 
prepare the claimed radionuclide labeled complexes. 

48. In addition, based on my rcAdew of the specification and in view of the above-cited 
literature pertaining to the phrases "anticancer agent," "tumor marker," "folate receptor 
targeting ligand," "tumor apoptotic cell targeting ligand," "tumor hypoxia targeting 
ligand," and "an agent that mimics glucose," the present claims particularly point out and 
distinctiy claim the subject matter that the inventors believe is the invention. In 
particular, the phrases "anticancer agent," "tumor marker," "folate receptor targeting 
ligand," "tumor apoptotic cell targeting ligand," *tumor hypoxia targeting ligand," and 
"an agent that mimics glucose" are not confusing, nor are they unlimited in their scope. 
The phrases referenced above are not unlimited in scope and someone skilled in the art 
would not and should not be confiised by what such phrases mean. Rather, these phrases 
are definite because they refer to specific classes of targeting ligands whose members can 
be identified using techniques well-known to those who have an ordinary understanding 
of the synthesis and use of radionuclide imaging agents. 



25455175.1 



49. I hereby declare that all statements made herein of my knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements may jeopardize the validity 
of the application or any patent issued tfai^on. 



Date 
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Anticancer Dmg Development: The Way Forward 

Research Division of the Ein^opean Organi^^^ and Treatment of Cancer, London, United Kingdom 



Cancer chemotherapy celebrated its fiftieth anniversary 
last year. It was in 1945 that wartime research on the nitro- 
gen mustards, which uncovered their potential use in the 
treatment of leukaemias and other cancers, was first made 
public. Fifty years later, more than sixty drugs have been 
registered in the USA for the treatment of cancer, but there 
are still lessons to be leamt. 

One problem, paradoxically, is that many anticancer 
agents produce a response in several different classes of the 
disease. This means that once a new agent has been shown to 
be effective in one cancer, much effort is devoted to fiirther 
investigations of the same dmg in various combinations for 
different disorders. While this approach has led to advances in 
the treatment of many childhood cancers and some rare dis- 
eases, a plethora of studies on metastatic colon cancer, for 
example, has yielded little benefit. 5-fiuorouracil continues to 
be used in trials, yet there is no evidence for an increase in sur- 
vival. The lesson to be leamt is that many common cancers 
are not adequately treated by present-day chemotherapy, and 
most trials of this sort are a waste of time. Significant 
increases in survival will only occur if the selectivity of pre- 
sent-day anticancer agents can be increased or new classes of 
more selective agents can be discovered There are two fiin- 
damental problems in drug development a lack of suitable 
laboratory tests and the difficulty of conducting early clinical 
trials. Firsdy, no existing laboratory method can accurately 
predict which chemical will be effective against a particular 
class of human cancer. At best, tests can demonstrate a gen- 
eral 'anticancer' property. This is well exempKfied by the dis- 
covery of cisplatin. The fact that cisplatin caused regression in 
a number of tran^lanted rodent tumours created no great 
excitement amongst chemotherapists. It was only later when 
it was tested clinically against ovarian cancer that results were 
sufficiently positive to encourage others to investigate. Only 
then was it discovered that metastatic teratoma was extraordi- 
narily sensitive to the drug. This finding was made as a result 
of phase II trials and no laboratory model could have 



predicted it: The lesson to be leamt is that new drugs 
should be tested extensively in phase II trials before they 
are discarded. 

The second problem concerns early clinical trials. 
Because new drugs can only be tested against advanced and 
usually heavily pretreated disease, it is unlikely that dramatic 
responses will occur. The methods used to detect responses in 
solid tumours and metastases are crude, and it is likely that 
many usefiil dmgs are missed. New techniques are needed to 
detect small but important responses. 

In addition to these technical problems, clinical trials are 
expensive and die time required for preclinical pharmacology 
and toxicology is lengthy. In the eaiiy days, dmgs could enter 
clinical trials after fairly simple toxicological studies. The 
thahdomide disaster in the 1960s, however, led to the setting 
up of regulatory bodies to scmtinize drugs before clinical tri- 
als. This proved detrimental for cancer dmg developnient 
because a series of fairly long-term tests is now required. 
These must be carried out in both rodents and one other 
species, usually the dog. This approach was probably a good 
thing for most medicines where a large margin of safety is 
required between the therapeutic dose and the dose which 
causes side effects, but was inappropriate for ariticancer 
agents which are tested at the maximum possible dose 
which gives manageable side effects. These new regula- 
tions meant that the cost of one clinical trial after the 1970s 
was equivalent to the cost of ten before that time. 

Solutions to these problems are available, although to 
put them into practice would require the cooperation of 
government regulatory authorities, the pharmaceutical 
industry and other organisations such as the US National 
Cancer Institute (NCI), the UK Cancer Research Campaign 
(CRC) and die European Organisation for Research and 
Treatment of Cancer (EORTC). Firstly, it is important to 
switch fi-om clinical trials of analogues and combinations of 
standard dmgs to trials of new classes of anticancer agents. 
Further, an intemational effort should be launched whereby 
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these new agents can be rapidly tested in phase II trials 
against common solid cancers using new techniques to 
detect small but significant tumour responses. Lead chemi- 
cals discovered in this way could then be taken back to the 
laboratory for further development. There is no shortage of 
new drugs which act by mechanisms quite different from 
present-day agents, and new approaches can greatly increase 
the amount of cytotoxic agents delivered to solid tumours. 

As long ago as 1980, the CRC introduced protocols 
which enabled early clinical trials to be carried out rapidly and 
with minimal cost These procedures used short-term tests 
only in rodents to determine a safe starting dose. The test can 
be completed within six months and around fifty clinical 
trials using this protocol have been successfully carried out in 
collaboration with the EORTC. Despite this, the American 
Food and Drug Administration (FDA), regulatory authorities 
in many other countries and many drug companies still insist 
on using a second animal species before a phase I clinical trial 
is permitted instead of using the money spent to develop sev- 
eral agents with minimal toxicology testing. The EORTC and 
CRC also plan to introduce positron emission tomographic 
scanning into early clinical trials as a highly sensitive method 
of measuring tumour response. 



Cancer mortality has changed Httle over the past forty 
years, mainly because of our failure to develop curative 
chemotherapy for the conunon solid cancers. The way for- 
ward is to carry out extensive phase I and II clinical trials 
of the many new types of anticancer agent that have 
become available as a result of increased knowledge about 
cancer cells and how they differ from normal tissues. In 
order to do this, the regulatory authorities must recognize 
that minimal toxicology protocols are adequate, and drug 
companies must be persuaded to give more emphasis to the 
search for new chemotherapeutic agents. A coordinated 
effort to achieve these aims would be a wonderful way to 
marie the fiftieth anniversary of modem chemotherapy. 
Unfortunately the regulatory authorities find it less risky to 
stick with extensive safety testing rather than to use short- 
cuts, however well-validated clinically. Many but not all 
drug companies, mindful of profits, prefer the easy way out 
and concentrate on analogues, while most clinicians opt for 
trials of combinations of known agents, being aware that 
they are worth a publication or two. 

Reprinted with permission from Helix, Volume V, Issue 1, 
1996, pp. 20-21. 
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Summary, In vitro studies of the schedule dependency and 
cytotoxicity ofdidemnin B, a novel depsipepdde isolated from a 
Carribean tunicate (Didemnidae), were carried out in fresh 
tumor cells obtained from biopsies from 39 cancer patients using 
the human tumor stem cell assay. Two schedules of drug 
exposure were examined (1 h and continuous exposure in the 
agar). Tumor cells from nine of 26 patients (34.6%) showed 
reduced survival of tumor-colony forming units to 30% of 
control or less at the 0.01 \ig level in the continuous exposure 
studies. Cells from eight of 27 patients (47%) showed a similar 
degree of sensitivity to didemnin after a 1-h exposure to 0.1 \ig 
prior to plating. The median ID^q values were 4.2 x 10~^ V^glml 
and 46 x 10~^ V^glml for continuous and l-h exposures, 
respectively. A clear dose-response relationship was observed 
with both dosage schedules. Comparison of the slopes of the 
continuous and 1-h exposures and of the ID 50 of the drug 
schedules suggests that didemnin is a cetl-cycle-non-specific 
cytotoxic agent. Significant in vitro antitumor activity was 
observed at low concentrations against carcinomas of the breast, 
ovary, and kidney, and also mesothelioma and sarcoma. These 
results can provide pharmacologic goals to be achieved in 
phase I clinical trial. Further in vitro testing should help select 
tumor types for study in phase II trials of this very promising 
new anticancer drug. 



Introduction 

Didemnins, a new class of depsipeptide agents, were isolated 
from Carribean tunicates (Didemnidae) (ascidian, sea squirt) 
[5]. The depsipeptide didemnins represent novel ring-peptide 
structures containing hydroxyisovalerylpropionate and a new 
stereoisomer of the highly unusual amino acid statine (Fig. 1) 
[7]. Recently, Rinehart et al. [7, 8] and Weinheimer et aL 
(personal communication) found that didemnins, especially 
didemnin B (NSC 325319), could inhibit the growth of KB 
cells, L1210 and P388 leukemias, and B16 melanoma in vitro 
and in vivo. The LDjo of didemnin B is in the range of 
160 jig/kg, given IP, with signifTcant antitumor activity 
observed in B16 melanomas in vivo at that dosage when 
administered on days 1 -9 (lifespan extended to 160% of 
control) (J. Venditti, personal communication). Didemnins 
also inhibit replication of several DNA and RNA viruses in 
vitro. We thought it would be of interest to test this agent on 
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Fig. 1. Structure of didemnin B (NSC 325319) 



clonogenic human tumor cells, as this novel agent has recently 
been approved by the NCI's decision network for toxicology 
testing and subsequent entry into phase I clinical trials 
(J. Venditti, personal communication). 

The in vitro human tumor stem cell assay developed by 
Hamburger and Salmon [3] has proven useful for testing new 
anticancer drugs for potential phase II activity [12] and for 
predicting clinical response to individual chemotherapeutic 
drugs in individual patients [9, 10, 13]. Therefore, it might 
prove to be a very effective tool for new drug screening and 
development. In this paper the results of our initial antitumor 
studies of didemnin B in the human tumor stem cell assay are 
presented. Our data may prove useful for further experimental 
studies and in relation to future phase I— II clinical trials of this 
agent. 



Materials and Methods 

Drugs. Purified didemnin B (NSC 325319) was kindly provided 
by the Natural Products Branch, Division of Cancer Treat- 
ment, NCI and Dr A. J. Weinheimer, University of Houston, 
Texas, USA. Stock solutions of didemnin B were prepared in 
100% ethanol, then diluted with 0.9% sterile NaCl, and stored 
at —80° C in aliquots sufficient for individual assays. Subse- 
quent dilutions for incubation with cells were made with saline. 
The final concentration of ethanol in the incubation was 0.4% 
for 1-h exposure and 0.16% for continuous exposure. 

Preparation of Tumor Cell Samples. A variety of types of 
malignant tumors from 39 patients were used for evaluating 
anticancer activity of didemnin B in these studies. The tumor 
types were as foflows: ovarian, 11; breast, five; .lung, three; 
cervical, three; endometrial, three; sarcoma, three; mesothe- 
lioma, two; malignant peritoneal or pleural effusion with 
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unknown original sites, four; and cancer of kidney, skin, 
stomach, pancreas, and melanoma, one each. 

Cell suspensions were prepared mechanically according to 
techniques reported previously [9]. Solid tumors were minced 
into small pieces with scissors, then enzymatically disaggre- 
gated with 0.8% collagenase and 0.002% DNase on a magnetic 
stirrer at room temperature for 30 min. After the suspension 
had been passed through a gauze to remove clumps, the single 
cell suspension was washed twice with serum-free medium and 
adjusted to a final concentration of 3 x 10^ cells/ml in McCoy's 
5A medium with 10% FCS. 

In vitro Exposure to Drug, Two procedures were used for 
exposure of human tumor cells to drugs. One-hour exposure: 
Tumor cells incubated with didemnin in 0.4% ethanol or 0.4% 
ethanol alone for 1 h at 37° C in McCoy's 5A with 10% FCS. 
The cells were then washed twice and prepared for culture. 
Continuous contact: Didemnin was incorporated into the 
upper layer of the culture system for the duration of the 
culture. 

For the initial dose finding, in each of the first 14 tumors 
tested didemnin B was tested at a single concentration (2,5, 
1.0, or 0.1 jig/ml by continuous exposure). Subsequently, 
tumors were tested with three concentrations of the drug (0.1, 
0.01, 0.001 fxg/mi by continuous exposure or 1.0, 0.1, 
0.01 ^g/ml for 1 h). 

Tumor Stem Cell Assay, The clonogenic assay system utilized 
was the method of Hamburger and Salmon [3]. In brief, ceils to 
be tested were suspended in 0.3% agar in enriched CMRL 
1066 medium to yield a final concentration of 0.5 x 10^ 
cells/ml. Of this mixture, 1 ml was pipetted into each of three 
35-mm petri dishes containing 1 ml 0.5% agar in enriched 
McCoy's 5A medium, but without conditioned medium. All 
drug assays were done in triplicate along with six simultaneous 
controls incorporating the ethanol solvents. 

Plates were incubated at 37° C in a humidified atmosphere 
containing 6% CO2 for 7-30 days (average: 18 days). Only 
specimens with good in vitro growth are reported. The number 
of colonies on control and drug-treated plates was determined 
with an automated image analysis system (Bausch and Lomb 
Omnicon Fas II), At least 30 tumor colonies per control plate. 



each with at least 60 jim diameter, were required for a drui 
experiment to be considered evaluable for measurement of 
drug effect. As it was set up, the FAS II counted 52% of th^ 
total colony growth area in the agar, so that in the reported 
experiments the minimum number of colonies per plate i& 
controls was approximately 60. In this study, the median 
number of colonies counted by the FAS II was 64 per control 
plate. l 

Data Analysis. Colony counts for the triplicate plates for a 
particular drug concentration were averaged to obtain each 
data point and the standard error was calculated. The percent 
survival of tumor colony-forming units (TCFU) in the treated 
plates was calculated from the formula: 

% Survival = No. of colonies in treated plates ^ 
No. of colonies in control plates 

Reduction in survival to 30% of control or less was applied as 
the criterion of in vitro sensitivity to didemnin. To compare the 
activity between different drugs or different exposure proce- 
dures, the concentration of didemnin required to reduce 
survival to 50% of the control TCFU (ID50) was determined, 
from dose-response curves with the Lagrange interpolation 
function and the (Newtonian iteration method. P 



Results I 

Effects of Didemnin B f 
on Clonogenic Human Tumor Cells \ 

Continuous Exposure | 

Table 1 and Fig. 2 summarize the in vitro response to I 
didemnin B of more than 12 different types of tumors from t 
39 patients. In the initial experiments with drug concentrations i 
of 1.0 and 2.5 jxg/ml in continuous contacts, the TCFU survival ^ 
was less than 15% in all samples tested, with means of 5.8 ± 
2.9% and 5.1 ± 2,3%, respectively (means ± SE). There was g 
less than 1% survival of TCFU in three tumors. The mean 1 
percent survival rose progressively with decreasing doses off 
didemnin. Thus, the mean survival of TCFU was 30.6 ± 5.8% I 



Table 1. Sensitivity of human tumor stem cells to didemnin B in 1-h and continuous exposure experiments 



Continuous contact concentration (fig/ml) 



1-h exposure concentration (fig/ml) 



J 
1 



2.5 



1.0 



Ovarian 

Breast 

Lung 

Cervical 

Endometric 

Sarcoma 

Mesothelioma 

Renal 

Skin 

Stomach 

Pancreatic 

Melanoma 

Others 

Total 



1/1 



3/3 



1/1 



5/5 



2/2 
1/1 



1/1 
1/1 

5/5 



0.1 


0.01 


0.001 


1.0 


0.1 


0.01 


6/9^ 


2/10 


0/10 


3/8 


3/8 


0/8 


2/2 


1/1 


0/1 


1/1 


1/1 


0/1 


1/3 


1/3 


1/3 


1/2 


0/2 


0/2 




0/2 


1/2 








3/3 


2/3 


2/3 


2/3 


2/3 


_2/3 


0/1 


0/1 


0/1 


1/1 


1/1 


1/1 


1/1 


1/1 


0/1 


1/1 


1/1 


0/1 


0/1 


0/1 


0/1 








0/1 


2/4 


0/3 


0/1 


0/1 


0/1 


13/21 


9/26 


4/25 


9/17 


8/17 


3/17 



* No. of sensitive cultures/no, tested. Sensitivity = survival < 30% of control TCFU (see Methods) 
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CONCENTRATION (f^/ml) 

2, In vitro activity of didemnin B against tumor colony- forming 
ceils from 39 patients. Each point (• continuous exposure; O 1-h 
exposure) represents an individual tumor sample tested. The hori- 
zontal bars represent the median percent survival for all tumors at the 
concentration tested 



at 0-1 [ig/ml, 58.0 ± 8,4% at 0.01 ^g/ml, and 75.0 ± 5.9% at 
0.001 ^g/mL Nevertheless, there were four instances in which 
the percent survival was less than 10% at 0.1 ^g/ml, and four 
additional cases (2 sarcoma, 1 lung, 1 renal carcinoma) where 
survival was less than 20% of control at the 0.01 jig/ml 
concentration. The survival curves for tumors tested at 
multiple doses were similar and showed a clear dose-response 
relationship. In the continuous exposure studies, approxi- 
mately 62% of tumor specimens tested were sensitive to 
didemnin at the concentration of 0.1 jig/ml, 34% at 0.01 ng/ml, 
and 16% at 0.001 fxg/ml. 

One-Hour Exposure 

In the 1-h exposure experiments 17 tumors were tested against 
didemnin B at three concentrations. A clear dose-response 
relationship was observed. The mean percent sunival was 33.2 
± 6.6% at 1.0 [jtg/ml, 50.6 ± 9.8% at 0.1 ng/mL and 80.7 ± 
11.2% at the 0.01 jig/ml concentration. Of the tumors tested, 
53% were sensitive to the drug at the concentration of 
LOpig/ml, 47% at 0.1 \ig/mU and 18% at 0.01 pg/ml, respec- 
tively. Less than 10% survival was observed with one sarcoma 
and renal carcinoma at the concentration of 0.1 |ig/ml. Three 
ovarian carcinomas and one additional sarcoma had survival 
reduced to less than 20% at that dose level. 

The ID50 of didemnin B in the 1-h and continuous 
exposure studies was calculated for 11 tumors which provided 
sufficient cells to carry out both types of drug exposure 
simultaneously on replicate aliquots. The mean ID50 was 
0.0042 ± 0.0010 tig/ml for continuous exposure and 0.0462 ± 
0.0130 \ig/m\ for the 1-h exposure. However, the median ID50S 
were 0.0035 jxg/mi and 0.0168 ng/ml, respectively. The ID50 
ratio (1 h/continuous) had a mean rate of 11 and a median of 
4.8. 



Discussion 

In these studies of the new antitumor agent didemnin B, we 
have used the soft agar human tumor stem cell assay to study 
its potential antineoplastic potency and spectrum against 
cionogenic human tumor cells. Our results in 39 fresh human 
tumors indicate that low doses of didemnin B can significantly 
reduce the ability of a variety of human tumor types to form 
colonies in soft agar. The human tumor stem cell assay has 
previously been applied to testing cionogenic human tumor 



cells against a variety of standard and new anticancer drugs [2, 
6, 10-12, 14, 15]. Correlative clinical trials from several 
centers have indicated that in vitro sensitivity in this assay 
system can predict clinical response with 60% -70% accuracy 
and failure of response to therapy with 95% accuracy [9, 10, 
13]. True positive clinical correlations (observe clinical re- 
sponse) have been obtained when standard cytotoxic drugs 
reduce survival of TCFU to 30% of control or less after a 1-h 
exposure to doses that are 10% of the peak plasma concen- 
tration or concentration-time product or less [1]. True negative 
chnical correlations (failure of response) have been observed 
when survival of TCFU is greater than 30% at such doses, and 
particularly when greater than 50% survival is observed with 
the agent tested in vitro. Available data on various new agents 
tested in this assay system suggest that in vitro analysis can 
pinpoint tumor types that may prove sensitive to the agent, and 
thereby serve as a type of in vitro phase II trial' [12, 14, 15]. In 
view of the positive results observed with various murine 
tumors in vivo, and with our in vitro observations in human 
tumors, it is reasonable to project that didemnin will have 
significant antitumor activity in clinical practice, assuming that 
excessive toxicity is not observed with didemnin in phase I 
clinical trials, and that clinically achievable plasma concen- 
trations are at least ten times higher than the in vitro 
concentrations utilized in the 1-h exposure studies in which 
sensitivity (survival < 30% of control) was observed. Thus we 
predict that this agent will prove useful if peak plasma 
concentrations or concentration-time products can be obtained 
in vivo in the range of 0.1-1.0 jig • h/ml. Inasmuch as 
pharmacokinetic and toxicologic data have yet to be obtained 
in man, these projections remain conjectural, but nonetheless 
they should provide a useful level to set as a pharmacokinetic 
goal for phase I studies of didemnin. We have previously used 
the comparison of patterns of dose-survival curves and ID^q 
values in 1-h and continuous exposure experiments to gain 
some knowledge of the mechanism of action and schedule 
dependency of anticancer drugs [1, 4]. When the slope of the 
survival-concentration curves is much steeper in the continu- 
ous exposure studies than the 1-h studies, and the ratio of ID50 
values (1 h/continuous) is very high (e.g., 200-300), then the 
drug tested has a high likelihood of being schedule-dependent 
or cell-cycle-specific. Conversely, when 1-fi and continuous 
exposure curves are parallel, and the ratio of ID50 values is in 
the range of 10 or lower, then it is likely that the agent is a 
cell-cycle-non-specific drug. We recognize that our approach 
to assessing cell cycle activity or schedule dependency of a new 
drug (by comparing 1-h and continuous exposure data) is only 
a first approximation. It is generally recognized that even 
cycle-non-specific drugs often have higher lethality against 
cycling than against resting cells, but the differential effect is of 
far lesser magnitude than is observed with drugs that kill only 
cycling cells. Thus, in our prior studies of doxorubicin and 
camptothecin (two cycle-non-specific agents), the ratio of ID50 
values was in the range of 10 [4], whereas for drugs such as 
bleomycin [1] and VP-16, schedule-dependent in vitro toxicity 
is observed in the cionogenic assay, effective doses in the 
continuous exposure experiments being less than 1% of those 
required in the 1-h studies. The results of such comparisons for 
didemnin suggest that it is a cell-cycle-non-specific cytotoxic 
agent, as its ID50 ratio was in the range of 10. The molecular 
mechanism of action remains to be determined, but is likely to 
be novel, as this agent does not bear any apparent structural 
similarities to alkylating agents or other cycle-non-specific 
agents. 



As the major objective of this in vitro study was to define 
dosage exposures and schedule dependency of didemnin, our 
experience with regard to its antitumor spectrum is still 
preliminary. The data summarized in Table 1 lends encour- 
agement to the view that this agent will have a broad spectrum 
of action, as significant antitumor activity was observed at 
relatively low doses (0.1 |ig/ml for 1 h) in ovarian, breast, and 
renal carcinomas, as well as in mesothelioma and sarcoma. 
Additional in vitro investigation (with 1-h exposure) against a 
larger spectrum and number of tumors is clearly warranted for 
didemnin, so that additional tumor types with a high likelihood 
of clinical response can be more definitively identified and 
thereby help provide goals for phase II clinical trials with this 
promising new anticancer drug. It is important to point out that 
didemnins have a molar potency similar to that of actinomy- 
cins; therefore, even 1-h exposure dosages of 0.1 fxg/ml may 
overestimate potential clinical activity for didemnins, and in 
vitro studies with even lower dosage levels may prove 
necessary. 
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ABSTRACT 

3-(Iodoacetainido)-benzoylurea (3-IAABU) is a newly synthesized anti- 
tubulin compound with a molecular weight of 347. 3-IAABU exhibited 
anticancer activity in a variety of tumor cell lines with in the range 
of 0.015-0.29 fiM for leukemic cells and 0.06-0.92 /iM for solid tumors. 
Higher selectivity against malignant cells was observed with 3-IAABU 
than that with vinblastine and paclitaxel. It inhibits microtubule assembly 
in tubulin systems either with or without microtubule-associated proteins 
(ID50 was 0.1 ftM and ftM, respectively) and microtubule depolymer- 
ization was not affected, indicating an inhibition of polymerization by 
binding of 3-IAABU to the heterodimeric subunit of tubulin. 3-IAABU 
was shown to inhibit the binding of colchicine, a subunit binding com- 
pound, but did not inhibit binding of vinblastine and guanosine 5'- 
triphosphate/guanosine 5'-diphosphate, indicating that colchicine site cor- 
responds to the site that 3-IAABU locates. Tumor cells treated with 
3-IAABU showed scattered chromosomes in metaphase. Normal microtu- 
bule architecture or spindle apparatus was absent in these cells; instead, 
punctuated a^regates of tubulin were found by an immunofluorescent 
staining. Cell cycle analyses showed an accumulation of tumor cells at M 
phase after a 4-h treatment with 3-IAABU. The phosphorylated bcl-2 
representative of an inactivated form of the oncoprotein was found in the 
cells 12 h after treatment with 3-IAABU. These cells progressed to apop- 
tosis within 16 h. As a new tubulin ligand, 3-IAABU could be a promising 
agent in cancer chemotherapy. 



INTRODUCTION 

Microtubules are highly dynamic assemblies of a/3-tubulin. One 
essential function of microtubules is to partition duplicated chro- 
mosomes equally into two daughter cells in cell division. When 
cells enter mitosis, microtubule dynamics increased up to 100- fold 
(1), as compared with that in interphase, and the half-times of 
exchanging spindle tubulin with tubulin in the free tubulin pool is 
about 10 s (2). This high-speed dynamic is very sensitive to 
interferences and is, therefore, a moving target in tumor cells for 
many chemotherapeutic agents, such as Vinca alkaloids, nocodo- 
zoles, and paclitaxel (3, 4). The primary action of these agents is 
to bind to the sites on tubulin or microtubules, as reflected by their 
aptitude to cause alteration of microtubule architecture, dynamics 
and, subsequently, mitotic blocking (5). Recent investigations 
showed that disruption of microtubules by any of the microtubule- 
active agents resulted in a phosphorylated form of bcl-2 (6-8), 
which was without activity (9) and failed to bind to bax (6). This 
process leads the ^c/-2-positive tumor cells to apoptosis (6). These 
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observations suggest that tumor-related gene products, such as 
bcl-2 and RafA (7), seem to be the secondary molecular targets of 
the microtubule-active compounds. 

We have recently synthesized a group of small MW^-compounds 
highly active in the inhibition of microtubules assembly (10). The 
biological activity of these compounds can be regulated by changing 
moieties ^on the structure. Of more than 73 modifications, 3-IAABU 
(Fig. 1) exhibited the strongest inhibitory activity in microtubule 
assembly (10). In this communication, information of 3-IAABU in 
microtubule assembly inhibition, binding site on tubulin dimer, effect 
on mitotic spindle and cell cycle, and phosphorylation of ^c/-2, as 
well as the induction of apoptosis, are displayed. These molecular 
mechanisms render 3-IAABU a promising anticancer potential for 
future development. 

MATERIALS AND METHODS ^ 

Reagents. 3tIAABU was synthesized in our laboratory (patent pending). 
The details of the synthesis and confirmation of the compound were reported 
elsewhere (10). The compound was dissolved in a mixture of N,N-dimethyI 
acetamide, propylene glycol, and Tween 80 (v/v/v, 1:2:1) and was further 
diluted in medium before use. Paclitaxel, vinblastine sulfate, colchicine, and 
mebendazole (Aldrich Chemical Co., Milwaukee, WI) were dissolved in 
DMSO. 

Cells. Cell lines used are listed in Table 1 . Tumor lines are all from human 
tumors. All cell lines, except SP biphenotypic leukemic cells (11, 12) and 
DND-IA melanoma (provided by Dr. T. Ohnuma, Mount Sinai School of 
Medicine), were obtained from the American Tissue Culture Collection (Ma- 
nassas, VA). HL60, U937, NB40, Daudi, PC3, KB, and DND-IA cells were 
cultivated in RPMI 1640 supplemented with 10% FES, penicillin (250 units/ 
ml), and streptomycin (250 units/ml); CEM was a suspension in Iscove*s 
Modified Dulbecco's Medium with 10% heat-inactivated FBS and antibiotics. 
MOT, HeLa, and BT-483 cells were culftired in DMEM with 10% heat- 
inactivated FBS. SP cells were in Minimum Eaglets Medium plus 10% FBS. 
Nomial human lymphocytes were isolated from the blood of healthy individ- 
uals using FicoU-Hypaque gradients and cultured in RPMI 1640 plus 10% 
FBS. 

Cytotoxicity Determination. Cells were distributed into 96-well plates 
(Falcon, Oxnard, CA) with 10^ cells/well, followed by treatment with 
3-IAABU or candidate compounds at concentrations between 0-10 \iM at 
37**C for 48 h. Cell viability was determined by trypan blue staining. For the 
monolayer cultures, cells were seeded at 5 X 10^ cells/well in the presence or 
absence of drugs and incubated at 37**C for 48 h. The supematants were 
removed gently, and the cells were digested with EDTA-Trypsin. ID50 and 
ID90 were drug concentrations killing 50 or 90% of cells in comparison with 
untreated controls and calculated by regression analysis. 

Microtubule Polymerization and Depolymerization Assay. The Cyto- 
DYNAMIX Microtubule Polymerization Screens 1 and 2 (CDSOl and 
CDS02) from Cytoskeleton, Inc. (Denver, CO) were used to determine the 



The abbreviations used are: MW, molecular weight; 3-1 A ABU, 3-(lodoacetamido)- 
benzoylurea; FBS, fetal bovine scnim; MAP, microtubule-associated protein; AMM, 
2-anuno-6-mcrcapto-7-niethyipurine; AMMR, AMM riboside; MOT, myocardial cell; 
CEM, leukemic cell; GDP, guanosine 5 '-diphosphate; GTP, guanosine 5 '-triphosphate; 
RT, room temperature; PGP, P-glycoprotein. 
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Fig- 1. Stnicture of 3-IAABU- 



potency of 3-IAABU to inhibit microtubule polymerization with MAP-rich 
tubulin and purified tubulin, respectively. Lyophilized protein was resus- 
pended (120 ng/well) in the wells of a 96-weU plate with 125 /il of G-PEM 
[80 mM PIPES buffer (pH 6.9), 1.0 mM MgC12, 0.5 niM EGTA and 1.0 mM 
GTP] containing the test compound. The absorbance was read (Spectromax 
250; Molecular Devices, Inc., Sunnyvale, CA) at 340 nm once/mi n for 60 
min. Temperature was set at 24°C for CDSOl and 37°C for CDS02. OD is 
proportional to the concentration of polymerized tubulin. The MAP-rich 
system (CDSOl) is approximately 10 times more sensitive than the purified 
tubulin system (CDS02) for polymerization inhibitors because the latter 
system contains four times the concentration of tubulin and 5% (v/v) 
glycerol, which promote polymerization. For disassembly assays, the 
methods have been reported (13). The solvents didn^t affect polymerization 
or depolymerization at concentrations <1% (v/v). as used in the experi- 
ments. 

Tubulin Ligand Binding Assays. Competitive binding assays were per- 
formed on the colchicine, vinblastine, and GTP/GDP binding sites. The 
colchicine site reporter was fluorescein-colchicine, and the vinblastine site 
was probed with BODIPY-vinblastine; all fluorescent conjugates were 
purchased from Molecular Probes Inc. (Eugene. OR). The GTP/GDP site 
was probed using the endogenous bound nucleotide. Greater than 99% 
purified bovine brain tubulin (Cytoskeleton, Inc., Denver, CO) was diluted 
to I.l mg/ml in PEM buffer and placed on ice. Binding reactions were 
composed of 100 /ig tubulin, 2.0-20 fluorescent conjugate. 5.0-60 /am 
3-IAABU, O.I mM GTP plus 1% (v/v) DMSO, and 1% 3-IAABU solvent 
(see "Reagents") in 100 /il of PEM buffer. The two most common tubulin 
ligand binding techniques, DEAE filter binding method (14) and the size 
exclusion chromatography method (15), were compared using the nonra- 
dioactive conjugates. The gel filtration method (15) allowed greater sen- 
sitivity because greater amounts of tubulin could be used in each condition. 
Reactions were incubated for 1 h at 37°C and passed over a 2.0-ml 
G-25-size exclusion column equilibrated in PEM. Column elution took <2 
min, hence, reducing ligand dissociation to a minimum. Ten fractions were 
collected from each column and analyzed for fluorochrome and protein 
molarity. Fluorochrome molarity was determined by absorbance at 455 and 
504 nm for fluorescein-colchicine (MW, 747) and BODIPY-vinblastine 
(MW. 1043), respectively. Protein concentration was determined with the 
Bio-Rad protein assay kit (Bio-Rad, Hercules, CA). The stoichiometry of 
fluorochrome binding was determined by dividing the fluorochrome mo- 
larity by the tubulin protein molarity based on MW of Af, 1 10,000. The 
fluorescent conjugates were determined to bind to the correct site by 
competition with the appropriate parent ligand. Vinblastine at 5 fiM was 
shown to increase fluorescein-colchicine binding to tubulin as observed 
previously for colchicine binding (16, 17). This phenomena was used to 
stabilize and enhance the signal obtained from fluorescein-colchicine 
binding. 

Tubulin GTPase Assays. Tubulin GTPase assays were developed pre- 
viously (18) using the phosphate detection assay (19). For the endogenous 
subunii tubulin GTPase activity the reaction contained 100 /tg/ml of greater 
than 999^f purified tubulin in PEM buffer containing 5-40 fiM 3-IAABU. 
100 GTP. 300 MM AMMR and I unit/ml purine nucleoside phos- 
phorylase. In this system, phosphate, generated from tubulin-induced hy- 
drolysis of GTP to GDP, reacts with AMMR by purine nucleoside phos- 
phorylase catalysis. AMMR phosphate breaks down to form ribose-1- 
phosphate and AMM. The absorbance maximum for AMMR is 330 nm and 
that for AMM is 360 nm; therefore, phosphate can be related to the 
absorbance increase at 360 nm. A similar system was used to measure 
microtubule-associated GTPase activity with the following exceptions: (a) 
the tubulin concentration was raised to 1 mg/ml; (b) the concentration of 



test compound was set to the nXf^ for, tubulin polymerization; and (c) the 
reaction was initiated with 1.6 nM of microtubules (assuming the MW of 
tubulin 110,000 and 1650 dimers//im; Ref. 20). 

Morphology. Cell samples on slides were prepared using a Cytospin 
centrifuge (Shandon Southern Products Ltd., Sewickley, PA) and stained with 
Giemsa (Harleco, Gibbsiown. NJ) as described before (13). Mitosis was 
identified by the appearance of chromosomes and disappearance of nuclear 
membranes. Apoptosis was recognized by die criteria described previously 
(21, 22). 

Immunofluorescent Detection of Mitotic Spindles. The method was re- 
ported previously (13). In brief, cells on slides were air dried and fixed with 
methanol at -20°C for 20 min, followed by incubation with PBS containing 
1% BSA at 37''C for 30 min. After washing, samples on the slides were 
incubated widi 30 ^ (4 ^g/ml) antihuman ^-mbulin monoclonal antibody 
(Accurate Antibody, Westbury, NY) in a humid chamber at RT for 60 min. 
After three times washing, 10 /xj of FITC-labeled goat antimouse antibody 
(Coulter Electronics, Hialeah, FL) was applied on the samples and cultured in 
a humid chamber at RT for 1 h. The stained cells were visualized under a 
fluorescence microscope (Zeiss, Jena, Germany). 

Cell Cycle. DNA content was measured using a Cycle TEST kit (Becton 
Dickinson, San Jose. CA). Light-scattering and DNA luminescence of indi- 
vidual cells were examined with a FACScan flow cytometer using Cellfit 
software for gating analysis (Becton Dickinson). 

Detection of bcl-l Phosphorylation. CeUs were treated with different 
concentrations of drugs for the time range between 6 and 72 h. Aliquots of cells 
were taken and lysed With lysis buffer containing 50 mM Tris-HCl (pH 7.4), 
0-1% Triton XI 00. 1% SDS. 250 mM NaCl, 15 mM MgC12, 1 mM DTT, 2 mM 
EDTA, 2 mM EGTA, 25 mM NaF, 1 mM PMSF, lO^Ag/ml leupeptin, and 10 
/ig/ml aprotinin. The protein concentration was determined by a DC protein 
assay kit (Bio-Rad). Equal amounts of lysate were subjected to electrophoresis 
in a 0.1% SDS, 10% polyacryiamide gel. The blots were transferred onto 
nitrocellulose membrane. After blocking with 5% nonfat milk in TBST buffer 
at RT for 1 h, bcl-l protein was probed with anU-bcl-2 mAb (PharMingen, San 
Diego, CA) as described (23). 

DNA Fragmentation. DNA samples were extracted by a previously 
reported method (24). Briefly, cells were incubated in 1 ml of lysis buffer 
[0.01 M Tris-HCi (pH 8-0), 0.01 M NaCI. 0.01 M EDTA (pH 8.0). and 5% 
SDS] containing 1 ptg/ml protease K for 1 h at 50''C. DNA was extracted 
with phenol and chloroformrisoamylalcohol (v/v, 24:1), and precipitated 
with ethanol. The dry pellet of samples was resuspended in 10 mM Tris- 
HCl/l mM EDTA solution. The DNA (4 /ig/lane), after treatment with 
RNase (Sigma Chemical Co., St. Louis, MO) at a final concentration of 0.1 
/ig/^l at 37'*C for 20 min, were analyzed in 1.5% agarose gel having 1% 
ethidium bromide. 

RESULTS 

Cancericidal Activity and Selectivity. The potential of 3-IAABU 
as an anticancer compound was examined in 1 1 human tumor cell 
lines (Table 1). ID^o of 3-IAABU were in the range of 0.06-0.92 
for solid tumor lines and 0.015-0.29 for leukemia or lymphoma 



Table 1 Cancericidal activity of 3-IAABU 



Tissue type 



Cells 



ID5o(mM) 



ID9o(/iM) 



Human cancer 
















MDS* 


SP 


0.014 


■+■ 


0.003 


0.29 


+ 


0-05 


Acute T-cell leukemia 


CEM 


0.004 


+ 


0.001 


0.015 


■+■ 


0.002 


Lymphoma 


Daudi 


omi 


-1- 


0.004 


0-058 


•4- 


0-07 


Histiocytic lymphoma 


U937 


0.010 




0.001 


0.046 




0.05 


Promyelocytic leukemia (M3) 


NB4 


0-014 


-♦- 


0.004 


0.066 


-t- 


0.009 


Promyelocytic leukemia 


HL60 


0.012 


'^- 


0.003 


0-072 




0.012 


Breast cancer 


BT-483 


0.011 




0-001 


0.3 


■+■ 


0.04 


Melanoma 


DND-IA 


0.007 


-+- 


0-001 


0.06 


•*- 


0.009 


Cervical carcinoma 


Hela 


0.04 




0.003 


0.09 


-t- 


0.017 


Prostate cancer 


PC3 


0.130 


■+■ 


0-02 


0.92 


-4- 


0.07 


Nasopharyn^al carcinoma 


KB 


0.25 


•+■ 


0-06 


0.79 


•4- 


0.12 


Nonmalignam ceUs 
















Myocardial fibroblast (rat) 


MOT 


0.8 




0-1 


2.16 


^ 


0.21 


Normal lymphocyte (human) 


Lymphocytes 


LI 


+ 


0.12 


2S 




034 



Myelodisplasia syndrome. 
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Time (min.) 

Fig. 2. Effect of 3-IAABU on microtubule polymerization. A, curves a-e represent the 
MAP-rich tubulin incubated with 3-IAABU (24*C) at concentrations of 0 (control), 0.015, 
0.05, 0.15, and 0.5 /xm, respectively; B, curves a-e are the purified tubulin treated with 
3-IAABU {3TC) at 0 (control), 0.15, 0.5, 1.5, and 5.0 /iw respectively. The level of the 
polymerization was measured by absorbance at 340 nm, and the SD (±) values for each 
time points were within 0.001^0.0045 range. A/r, microtubule. 

cell lines. In contrast, ID^^ of 3-IAABU in nonmalignant proliferating 
MOTS was 2.2 /xm, 150 times of that in CEMs. Comparison of 
3-IAABU with vinblastine or paclitaxel in MOTs (doubling time of 
which was 18-22 h in culture) and CEMs showed that the ratio of 
IDcK, (MOD/IDj^ (CEM) of 3-IAABU (Le., 150) was higher than that 
of paclitaxel (i.e., 118) and vinblastine (i>., 73). 

Microtubule Polymerization Inhibition. The ability of 3-IAABU 
to inhibit tubulin polymerization in vitro was assessed using two systems, 
MAP-rich tubuUn and the purified tubulin. In the MAP-rich system, 
tubulin polymerization was inhibited vwth an ID50 of 0.1 (Fig. TAX 
whereas the purified tubulin system was inhibited with an JD^ of 1.2 ^im 
(Fig. 2By The microtubule disassembly was not interfered with 
3-IAABU even at the concentration as high as 50 ^lm. 

GTPase Activity of Tubulin Subunit and Microtubules. To 
know whether the inhibition of polymerization by 3-IAABU was due 
to an activation of GTPase, the enzyme activity was measured. The 
activities of tubuUn subunit GTPase and microtubule GTPase were 
not interfered by paclitaxel, but, on the otiier extreme, completely 
inhibited by vinblastine (Fig. 3, A and B). In the presence of 
3-IAABU, tubulin subunit GTPase activity was reduced by 60% over 
the control value (0.055 GTPase/subunit/min), which was greater than 
the inhibition by mebendazole and colchicine (34 and 30% respec- 
tively; Fig. 3A). The microtubule GTPase was reduced by 40% over 
the control, a value tiiat was similar to that of mebendazole and 
colchicine reactions (Fig. 3^). 



Determination of Binding Site of 3-IAABU oii Tubulin. 

BODIPY-vinblastine and Fluorescein-colchicine conjugates were 
tested for their ability to bind to the vinblastine and colchicine sites, 
respectively. BODIPY-vinblastine at 5 ^lm was inhibited 65% by 100 
fXM vinblastine (Hg. 4A). BODIPY-vinblastine binding to tubulin was 
not affected by 3-IAABU (Fig. 4A). Fluorescein-colchicine binding at 
5 /xM was inhibited 75% by 100 jlim colchicine and about 50% by 100 
/xM 3-IAABU (Fig. 4B), GTP levels in tubulin subunit were deter- 
mined with and without the presence of 40 ^tM 3-IAABU (Fig. 4C). 
There was no difference in the amount of GTP/GDP bound to tubulin 
after size exclusion chromatography. Therefore, 3-IAABU does not 
interfere with GTP/GDP binding. 

Mitotic Arrest. Microscopic examination showed that the treat- 
ment of CEMs witii 3-IAABU (0.015 /xm) for 24 h induced about 90% 
of the cells to arrest in metaphase (Fig. 5B) with chromosomes 
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Rg. 3. Effect of 3-IAABU on GTPase. The activity of Hibulin GTPase (A) 
microtubule GTPase (B) were measured at 360 nm, as described in "Materials 
Methods." The concentrations of paclitaxel, vinblastine, colchicine, mebendazole, 
3-IAABU for tubulin GTPase and microtubule experiments were all 20 ptw and 5 
respectively. AfT, microtubule. 
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B. 0.20-1 



Fig. 4. Binding site of 3-IAABU on tubulin. A, 
competitive binding of 3-IAABU (40 fiw) with 
F-VBL (5 fiw) as compared with VBL (100 ^m). B. 
competitive binding of 3-IAABU (1(X) /lm) with 
F-COL (5 ;im) as compared with COL (100 pM). C, 
competitive binding of 3-IAABU (40 /im) with 
GTP (5 /iM). VBL, vinblastine; F-VBL, fluorescein- 
VBL; COL, colchicine; F-COL, fluorescein-COL. 




1;5- 



3 



I- 

o 

o 
E 
o 

JZ 

o 
o 
55 




dispersed in the cytoplasm. Immunofluorescent staining showed punc- 
tuated tubulin aggregates scattered in the cytoplasm (Fig. 5B, in- 
sert). Normal microtubule spindle of mitotic cells (Fig. 5A, insert) or 
microtubular network of interphase cells were not seen in 3-IAABU 
treated cells. 

To have a quantitative view of mitotic arrest, 3-IAABU treated 
CEMs were analyzed for the cell cycle using flow cytometry. As 
shown in Fig. 6, Gj-M peak increased at 4 h, and most cells accu- 
mulated at G2-M 8 h after 3-IAABU (0,015 /tM) treatment, paralleled 
with which was the significant reduction of the Gq-G, peak. The shift 
from Gq-G, to Gj-M became even more striking at 16 h, when 61% 
of the cells were blocked in G2-M phase and only 17% were left in 
Go'G, phase, fomiing an inverted distribution in respect to the un- 
treated control (Fig. 6). 

bcl-2 Phosphorylation. The change of bcl-2 in response to 
3-IAABU was examined. CEMs treated with 3-IAABU at 0.03 or 
above clearly showed bcl-2 phosphorylation characterized as the 
slower-migrating bands in Fig, 7 A (9). The earliest phosphorylation 
was observed 12 h after treatment (Fig. 7B). Vinblastine- and pacli- 
taxel-treated CEMs were used as positive controls in the experiments, 
HL60, HeLa, and KB cells treated with 3-IAABU exhibited similar 
results (data not shown), 

Apoptosis. The consequences of inactivation of bcl-2 is, in many 
cases, apoptotic cell death in ^c/-2-positive tumor cells (6, 7). Pre- 
liminary microscopic examination found chromatin condensation and 
nuclear fragmentation in 3-IAABU-treated cells, indicating an apop- 
totic process. To confirm the moq)hological finding. DNA was ex- 
tracted from treated CEMs. Gel analyses (Fig. 8) exhibited classical 
intemucleosomal DNA fragmentation after 16 h of treatment. The 
intensity of the multiple-unit DNA ladder increased with time, and the 
strongest signal was detected after 24 and 48 h exposure to 3-IAABU. 
Similar results were obtained in other tumor cells such as U937 KB 
andPC-3. 

DISCUSSION 

3-IAABU was selected from a group of novel synthetic com- 
pounds with small MWs and targeting at tubulin-microtubule equi- 



librium in tumor cells (10). Antimicrotubule activity of 3rIAABU 
were tested in tubulin systems, either with or without MAP. 
Microtubule assembly was significantly inhibited by 3-IAABU in 
both systems, whereas microtubule disassembly was not altered. 
There was a difference in sensitivity between the two polymeriza- 
tion systems, which is most likely due to the difference in concen- 
tration of tubulin and glycerol in the two systems. This has been 
shown to be the case for a number of tubulin ligands (25, 26). For 
example, nocodozole has an ID50 of 0,1 /im in the MAP-rich 
system and an ID50 of 1.5 /am in the purified tubulin system. The 
inhibition of assembly in MAP-containing tubulin reveals that the 
target of 3-IAABU is contained in this system; inhibition of 
assembly in purified tubulin further clearly tells us that 3-IAABU 
directly targets at tubulin protein. In the presence of 3-IAABU, 
polymerization is inhibited in a similar manner to nocodozole, in 
that nucleation, polymerization rate and maximum absorbance are 
reduced. This indicates that the mechanism of inhibition is similar 
to that of nocodozole (27), which interacts with tubulin at a similar 
site to that of colchicine (27), 

Microtubule-active compounds could be classified into catego- 
ries based on their binding domains. Vinca alkaloids, rhizoxin, 
dolastatins, and spongistatin obligate to "vinblastine" domain; 
colchicine, nocodozole, podophyllotoxin. steganacin, and curacin 
A bind to "colchicine" domain (26, 27); and paclitaxel interacts 
with the 31 amino acids at NH2-terminal of tubulin (28). It is 
interesting to see whether 3-IAABU can fit in those domains 
related to microtubule assembly. 

Experiments concerning the binding site of 3-IAABU strongly 
favor the colchicine site, not the vinblastine site and the GTP site. 
Nocodozole and mebendazole also bind at this site, and their 
activity on tubulin polymerization is similar to that of 3-IAABU 
(data not shown). Although nocodozole binds to two sites on 
subunit tubulin (29), we do not know whether this is the case for 
3-IAABU. It has been reported that colchicine binds at a stoichi- 
ometry of 0.3:1,0 to.l.8:1.0/tubulin subunit (14) and probably is 
2.0:1.0 (30). One site is thought to be a higher affinity site on 
P-tubulin, and the other a lower affinity site on a-tubulin (31). 
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Because of the concentration of fluorescein on colchicine is less 
than the K^ff for the lower affinity site, we would expect that 
3-IAABU interacts at the high affinity site only, or both sites. 
Another aspect of binding site inhibition is competitive or non- 
competitive inhibition, further studies will determine which type of 
inhibition relates 3-IAABU to colchicine. The effect of 3-IAABU 
on tubulin subunit and microtubule GTPase activity was similar to 
that of colchicine and mebendazole, a reduction of activity. 

bcl-2 is an integral membrane protein that functions as an 
apoptosis suppresser (32, 33) through formation of heterodimer 
with bax, an apoptosis enhancer (34). The overexpression of bcl-2 
is considered to be responsible, in part, for the survival advantage 
of tumor cells (35-37) and for the mechanisms of drug-resistance 
in cancer chemotherapy (38, 39). Antisense oligonucleotides to 
bcl-2 mRNA inhibit CEM growth (40), indicating its potential of 
being a molecular target for antitumor drugs. Recent reports 
showed that almost all microtubule-active drugs (Vinca alkaloids, 
paclitaxel, podophyllotoxin, colchicine, epothilones, and nocodo- 



zole) induce phosphorylation of bcl-2 protein resulting in inacti- 
vation of bcl-2, whereas DNA-damaging drugs, antimetabolites, 
and alkylating agents do not (6-9, 41). The posttranslational 
modification (phosphorylation) made bcl-2 incapable of forming 
heterodimers with bax (6) and drive the Z?c/-2-positive cells toward 
apoptosis (42). In this study, 3-IAABU inhibited microtubule as- 
sembly by binding to the colchicine site on tubulin and caused 
mitotic arrest via interference of the formation of normal spindle in 
M phase cells. This was followed by phosphorylation of bcl-2 and 
subsequently by the onset of apoptosis. The results strongly sup- 
port the model that bcl-2 phosphorylation following disruption of 
microtubular architecture serves as a signaling cascade mediating 
apoptosis for antimicrotubule agents. Results obtained with mi- 
croscopy, flow cytometry, ^c/-2 protein analysis, and DNA elec- 
trophoresis were consistent with respect to the timing of these 
events. A significant increase of Gq-M phase was first observed 4 h 
after treatment. The earliest visible bcl'2 phophorylation was ob- 
served between 6 and 12 h, and the detectable fragmented DNA 
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appeared at 16 h;^'n»e^J^ ladder of DNA represents the 

length ' of each oligbriuclepsome; i^^ the. break of double- 

stranded DNA at the linker region between nucleosomes and the 
involvement of endonucleases in this process (43). 

The onset of apoptosis induced by 3-IAABU was observed in a 
variety of tumor cells, although there is a variation of sensitivity 
among the cell lines. The results regarding drug selectivity show 
significant difference in cytotoxicity of 3-IAABU between malig- 
nant and nonmalignant cells. JD^q of 3-IAABU in the proliferative 
nomnalignant cells was about 150 times higher than those for 
leukemia or lymphoma cells, showing a selective cytotoxicity of 
3-IAABU higher than that of paclitaxel and vinblastine. The dif- 
ferent susceptibilities of tumor and nontumor cells to mierotubule- 
active agents could be possibly due to: (a) inactivation (phospho- 
rylation) of Raf-l/bcl-2 after disruption of microtubule, as we 
discussed above; (b) abrogated function of Gl microtubule-depen- 
dent checkpoint in transformed cells (44); (c) deficiency of p53 
and pRb tumor suppressor genes (45); and {d) structural differ- 
ences of microtubule or MAP in normal and tumor cells (46, 47), 
Importantly, in the drug-resistance studies, we found that 
3-IAABU seems not to be a PGP substrate because the suscepti- 
bility to 3-IAABU between Daudi/PGP(-) and Daudi/PGP(+) 
cells as well as between KB/PGP(-) and KB/PGP(+) cells were 
virtually same. Also, the attempts to induce resistance in solid 
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Fig, 7. 3-IAABU induced phosphorylation of bcl-2 in OEMs. ^4, CEMs were treated 
with 3-IAABU for 24 h at concentrations of 0, 0.003, 0.03, 0.12, 0.3, 1.2, and 3 fUvi 
respectively; B, CEMs were incubated in the absence (CTRL) or presence of 3-IAABU 
(0.12 /JLM) for 6. 12. 24. 36. 48, and 72 h. Vinblastine and Paclitaxel (0.12 aim, 24 h for 
both) were used as controls. Phosphorylated bcl-2 is shown by an arrow. 




Fig. 6. Blocking cell cycle ai Gj-M phase in CEMs treated with 3-IAABU. Using Uow 
cytometry cell cycle analysis was done in CEMs incubated without (control) or with 
3-IAABU (0.014 fiM) for 1, 4. 8, or 16 h. The majority of the cells were suspended at 
G2-M phase at 8 h. 
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Rg. 8. Apoptosis in CEMs treated with 3-IAABU. CEMs were treated with 3-lAABU 
(0.014 tm) for 1. 4, 8, 16, 24. and 48 h (Lanes 2-7). Apoptotic DNA ladder was evidenced 
at and after 16 h. Lanes J and $ are the untreated CEM control and molecular marker, 
respectively. 



tumor cells failed after 7 months of culture with low-dose 
3-IAABU.^ 

Collectively, 3-IAABU is a newly synthesized antimicrotubule 
agent widi a much smaller MW than those isolated from natural 
sources. The primary action of the compound is to bind at or near to 
the colchicine site of tubulin. As a consequence, it inhibits microtu- 
bule assembly, blocks cell cycle at mitosis and causes phosphorylation 
of bcl'2 in target cells. The end of the process is apoptosis, which is 



^ Unpublished observations: 



3-lAABU: A NEW TUBULIN UGAND 



selectively sensitive in tumor cells. We suggest 3-IAABU as a new 
tubulin ligand attractive to anticancer chemotherapy. 
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Sensitivity of several human and mouse cancer cell lines to 
methylacetylenic putrescine (MAP) was evaluated using 
clonogenic, sulforhodamine B and cell counting assays. 
The effects of MAP on cell morphology, cell cycle phase 
distribution and changes in polyamine metabolism of 
xenografted MCF-7 and MDA-I\/IB-231 human mammary 
tumor cells were also investigated. On the basis of IC50 
values, BHT-101 human thyroid carcinoma cells were the 
most sensitive (9 /ig/ml), followed by P388 mouse lymphoma 
(32//g/ml), MCF-7 (48 //g/ml) and MDA-MB-231 {110^g/ml) 
human breast carcinoma cell lines. MAP treatment led to 
accumulation of P388 cells in d phase. At higher doses, the 
cytoplasm of the cells became vacuolated followed by 
apoptosis. The foamy cytoplasm may suggest a rare type 
of cell death (Clarke III type) called non-apoptotic pro- 
grammed cell death. MAP treatment resulted in a total 
inhibition of ornithine decarboxylase (ODC) activity with a 
concomitant decrease of intracellular polyamine (mostly 
putrescine and spermidine) content in the breast cancer 
cells, whilst the spermine concentration was shown to 
increase. MAP proved at least 10 times more potent than 
the formerly studied OL-a-difluoromethylornithine making it 
an attractive candidate for clinical testing. [© 1999 Lippincott 
Williams & Wilkins.] 

Key words: Cell cycle, in vitro sensitivity, methylacetylenic 
putrescine, non-apoptotic cell death, ODC activity, poly- 
amine metabolism. 



Introduction 

Natural poIy(oIigo)amines are highly basic, with rather 
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simple structures which exhibit definite biological 
activity. Cumulative data indicate the ubiquitous role of 
putrescine (Pu), spermidine (Spd), spermine (Spn) and 
agmatine (Agm) in the regulation and/or modulation of 
the most basic biosynthetic and reproductive functions 
(e.g. proliferation, differentiation, etc.) in all living cells 
under physiological and pathological conditions.'"^ 
According to their particular importance in the 
malignant processes high intracellular Pu and Spd 
levels have been measured in various experimental and 
human tumors depending on the rate of cell prolifera- 
tion?'^"^^ Due to the high biosynthetic activity of 
malignant tissues elevated serum concentrations and 
urinary excretion of polyamines have been reported in 
cancer patients and regarded as a useful biochemical 
tumor marker/'^ " 

Depletion of cellular polyamines using various 
ornithine and Pu analogs, potential inhibitors of 
ornithine decarboxylase (ODC, EC 4. LI. 17), the first 
key enzyme of the polyamine biosynthetic pathway, 
has opened new perspectives in enzyme-regulated 
anticancer chemotherapy.^*^' Among several ac- 
tive derivatives DL-a-difluoromethylomithine (DFMO, 
Eflomithine™) has been shown to inhibit cell prolif- 
eration and tumor growth in vitro and in vivo}^'^^'^^ 
and has also been introduced into clinical therapy of 
human cancers.^^*^^'^*'^^'^^ RecenUy, a promising Pu 
analog, (2i?,5i?>6-heptyne-2,5-diamine (methylacetyle- 
nic putrescine, MAP), has been synthesized and 
reported to be 10-50 times more active than 
DFMO.^^^^"^^ Both DFMO and MAP altered cell cycle 
phase distributions by accumulating cells in d 
phase."' However, both cytostatic and cytotoxic 
effects were demonstrated depending on the ceU line 
studied.^^ Polyamine analogs were considered to 
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induce apoptotic cell death, as shown first xising a new 
Spn derivative.^^ 

hi the present study the effects of MAP on the 
clonogenicity of P388 mouse lymphoma and of some 
human cancer cell lines, as well as on the cell cycle 
distribution and the intracellular polyamine levels of 
P388 cells were evaluated in vitro. Morphological 
alterations observed in human tumor cell lines, 
suggesting a special type of programmed cell death, 
are also described. 

Materials and methods 

Cell cultures 

P388 mouse lymphoma was obtained from I Wodinsky 
(Arthur D linle, Cambridge, MA) and was established 
in suspension culture."^^ MCF-7 estrogen receptor (ER> 
positive and MDA-MB-231 ER-negative human breast 
cancer and PC3 prostatic cancer cell lines were 
obtained from the ATCC (Rockville, MD). BHT-101 
human thyroid anaplastic cell line was established in 
our laboratory.^^ 

Dmg solutions 

MAP was generously supplied by Merreil Research 
Institute (Strasbourg, France). Fresh MAP solution was 
made by dissolving the compound in saline or in 
medium before the experiments. 

Clonogenic assay 

Cloning efficiency of monolayer cultures was per- 
formed as previously described.^^ Briefly, known 
numbers of exponentially growing cells were plated 
into triplicate 35 mm Petri dishes (Nunc, Roskilde, 
Denmark). On the following day the cultures were 
exposed to different doses of MAP and the MAP was 
left in contact with the cells throughout the study, and 
the cultures were incubated in a CO2 incubator 
(Heraeus, Hanau, Germany) at 37°C for 10-12 days. 
The cultures were then rinsed with saline and stained 
with crystal violet. Colonies containing at least 50 ceUs 
were counted. Cloning efficiency of cells growing in 
suspension was determined as published.^ ^ The cell 
suspension, containing the appropriately diluted MAP, 
was solidified with 0.25% final concentration of agar 
(Difco, Detroit, MI). Three-dimensional colonies were 
counted after 10-12 days of incubation under a 
dissecting microscope. 



Absolute cloning efficiency of untreated control 
cultures was normalized as 100%. Survival of treated 
cultures was expressed as a fraction of the survival of 
the control cultures. IC50 is the inhibitory drug 
concentration needed to decrease the survival by 50%. 

Antiproliferation studies 

The effect of MAP on cell proliferation has been 
determined by comparing the changes in cell numbers 
of control and MAP-treated cell populations. MDA-MB- 
231 or MCF-7 (2-3x10^ cells were seeded into 
50 mm Petri dishes and on the following day were 
exposed to 100-500 jUg/ml MAP. The cells were 
trypsinized on day 2 and the cell numbers were 
determined using a Neubauer-type hemocytometer. 

Flow cytometry 

Samples were prepared according to Shapiro.^^ Briefly, 
5x10^ cells were fixed in 70% ethanol and stored at 
— 20°C for a few days. The samples were then 
centriftiged and washed in phosphate-buffered saline 
(PBS) solution. After repeated centriftigation, ceU 
pellets were diluted with 1 ml PBS containing 20 /fg 
propidium iodide (PI) (Sigma, St Louis, MO) and 100 f.i% 
RNase (Sigma), and were incubated on room tempera- 
ture for 30 min before measurements. Cell cycle phase 
distributions were anal^^ed by measurements of 
relative DNA content of individual cells using a Cytoron 
Absolute flow cytometer (Ortho, Raritan, NJ). The 
quality of the setup was checked by lysed, propidium 
iodide-stained normal human lymphocytes. The data 
were analyzed on Cell Cycle software (Ortho). 

Cell morphology 

MDA-MB-231, BHT-101 and PC3 ceils were seeded into 
Petri dishes, and the morphology of the MAP-treated 
and control cultures was examined and compared 
using an Olympus inverted phase contrast microscope. 
In some cases, fixed and hematoxylin & eosin-stained 
preparations were also prepared. 

Detemnination of cellular polyamines and 
GDC activity 

Simultaneous determinations of ODC, EC 4.1.1.14 
activity and base polyamine levels in cell homogenates 
were performed by the method of Kvannes and 
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Flatmark, as modified previously, ^ Polyamines (Pu, 
Spd and Spn) were extracted from the enzyme 
reaction and blank (base line level) samples with ice- 
cold perchloric acid and measured as dansyl deriva- 
tives by reversed-phase high-performance liquid chro- 
matography (RP-HPLO- ODC activity was calculated 
from the amount of putrescine formed in the 
enzymatic reaction and given in nmol Pu/h/10^ cells. 

Results 

Dose survival studies (clonogenic assay) 

The effect of MAP on the clonogenicit\' of P388 mouse 
lymphoma and BHT-101 human thyroid cancer ceUs is 
shown in Figure 1. The first region of the dose- 
response curves is steep followed by a nearly 
horizontal 'plateau' portion. Above 75 /ig/ml, both 
curves decline. The IC50 values of the P388 and BHT- 
101 cells were 32 and 9 /^g/ml, respectively. The dose- 
response curves of the two breast cancer lines (Figure 
2) are rather different in shape from those of Figure 1. 
IC50 values of MCF-7 and MDA-MB-231 cells were 48 
and about 1 10 jug/ml, respectively. Of the four ceU 
lines studied, the BHT-101 cells were the most sensitive 
and the MDA-MB-231 cells the least sensitive to MAP. 
IC50 values are summarized on Table 1. 

Effect of MAP on cell proliferation 

The effect of MAP on the proliferation of ER-positive 




0.1 1 1 1 1 1 — 1 

0 20 40 60 80 100 

MAP (fig/ml) 

Figure 1. Dose-response curves of P388 mouse lympho- 
ma (O) and BHT-101 fiuman tfiyroid carcinoma (■) cells 
treated with MAP continuously. 



In vitro effects of tnethylacetylenic putrescine 

MCF-7 and ER-negative MDA-MB-231 human breast 
cancer cell lines was determined by cell counting. No 
significant retardation of cell proliferation was 
achieved below 100 /ig/ml MAP, The results summar- 
ized in Table 2 show a dose-dependent rate of growth 
retardation, with MCF-7 cells proving more sensitive 
than MDA-MB-231 cells. 
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Figure 2. Dose-response curves of MDA-MB-231 (O) and 
MCF-7 (■) human mammary carcinoma cells treated with 
MAP continuously. 



Table 1. IC50 values (mean±SEM) obtained by treat- 
ment with MAP of tumor cell lines in clonogenic assays 



Cell line 


IC50 value 




dig/ml) 


P388 


32-1-3 


BHT-1G1 


9-1-1 


MCF-7 


48-1-4 


MDA-MB-231 


.-110-1-10 


Table 2. Effect of MAP on proliferation of MCF-7 and 


MDA-MB-231 cells 




Doses 


Rate of inhibition (%) 



(/ig/ml) 



MCF-7 MDA-MB-231 



100 36±5^ 21 ±3 

200 42±6 22±3 

500 66 + 8 53 ±6 



^Mean values ±SEM at 48 h after treatment. 
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Effect of MAP on the cell cycle 

Concentrations between 10 and 50 A^g/ml caused only 
minimal changes in cell cycle distribution, while those 
of 75 or 100 /ig/ml MAP altered the ratio of cell cycle 
phases considerably, both at 24 and 48 h following 
MAP addition (Figure 3 and Table 3)- The percent of Gj 
phase cells increased from 34 to 47 and 55% at the 
expense of G2/M cells. The ratio of S phase cells 
showed an increase at 24 h and a decrease at 48 h, 
parallel with the higher concentrations. 



Effect of MAP treatment on cell 
morphology 

No characteristic cytomorphological changes were 
observed below 250 iJi%/ro\ MAP. The most typical 
alteration was vacuolization of the cytoplasm (*foamy 
cytoplasm') which began to appear in some cells at 
250 /ig/ml and the vacuoles were small. All cells 
became heavily vacuolated exposed to 500 /zg/ml 
and the vacuoles were of different sizes. Confluency 
of the ceils ceased and they showed a tendency to 
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Figure 3. Changes in the cell cycle phase distribution of P388 cells 48 h after exposure to 10, 75 and 100 ^zg/ml of MAP. The 
major peak in channel 80 corresponds to Gi cells. 



Table 3. Effect of MAP on the eel! cycle phase distribution of P388 mouse lymphoma cells 



Doses 

O^g/mi) 



Phase distribution (%) 



24 h 



48h 





Gi 


S 


G2 


Gi 


S 


G2 


Control 


34 


33 


23 


34 


38 


28 


10 


38 


43 


19 


36 


39 


25 


25 


32 


45 


23 


43 


34 


23 


50 


34 


43 


23 


42 


35 


23 


75 


47 


36 


17 


55 


27 


18 


100 


41 


41 


18 


55 


27 


18 
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round up. A fraction of the ceils sliowed signs of 
apoptosis, e.g. bleb formation and pyknosis (Figure 
4a-c). Long and thin cytoplasmic processes were 
characteristic by 72 h. At even liigher concentrations 
of MAP (1000 /ig/ml), ail cells rounded up, began to 
disintegrate and formed coalesced groups (Figure 
4d-0. 



Effect of MAP treatment on the ODC 
activity and polyamlne content of MCF-7 
and MDA-MB-231 human breast 
carcinoma cells 

Changes in ODC activity and in polyamine content of 
MCF-7 and MDA-MB-231 human breast cancer cell lines 





Figure 4, Effect of MAP on cell mofphology. (a) Untreated MDA-MB-231 cells with regular morphology and mitotic figures, (b) 
Cells treated with 500 //g/ml MAP for 24 h. Note the heavily vacuolated cytoplasm and the loose arrangement of the cells, (c) 
PC3 cells treated with 500 //g/ml MAP for 24 h. The cytoplasm of the cells is filled with vacuoles. Some cells are rounded up, 
others have long filaments, (d) PC3 cells treated with 1000 //g/ml MAP for 24 h. Most cells rounded up, others have long 
processes and one giant cell is full of vacuoles, (e) Untreated BHT-101 cells with regular morphology. (0 Cells treated with 
1000 /fg/ml MAP for 24 h. All cells rounded up producing clusters. Some single cells show apoptosis with bleb formation and 
freely floating apoptotic bodies are seen. Phase contrast picture of living cells. Magnification: x 160. 
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induced by a 24 h exposure to 250 /xg/ml MAP are 
summarized in Figure 5. MAP treatment resulted in 
practically total inhibition of ODC activity in both cell 
lines. Simultaneously, a decrease in total intracellular 
polyamine content (mosdy in terms of Pu and Spd 
levels) and a relative increase in Spn concentration was 
observed. We have found significant differences 
between the total polyamine base levels of these two 
cell lines, indicating a higher biosynthetic aaivity in 
MDA-MB-231 cells and a higher sensitivity to MAP 
treatment, first of all, in relation to the changes in Spd 
content- Retention of Spn induced by MAP in MCF-7 



Polyamine content 
nmo! PA/10® cells 



ODC activity 
nmol PU/h/10« cells 




cells also showed a marked contrast to that noted in the 
MDA-MB-231 line. Similar changes were observed 
depending on either the MAP concentration (50- 
500 ^g/ml) applied or the time of in vitro exposure 
(24, 48 or 72 h). 



Discussion 

Our results presented here demonstrate that all cell 
lines tested were sensitive to MAP, Their sensitivity 
was, however, dependent on the ER content (MCF-7 
versus MDA-MB-231) or on the organ they originated 
from. The MDA-MB-231 breast cancer cells were the 
least sensitive, while the BHT-101 thyroid tumor 
cells were the most sensitive to MAP treatment. This 
observation supports the significance of the histio- 
specific toxicity and the diseaseoriented anticancer 
drug discovery screen.^*^ In comparison of MAP with 
the ODC inhibitor DFMO, the former proved to be 
more potent against malignant human and mouse 
cell lines. Namely, IC50 values of DFMO were 60, 
625 and 300 //g/mi for MCF-7, MDA-MB-231 and 



P388 cells, respectively; 



29,30 



It means that the 



Rgure 5, Changes in polyamine content and ODC activity 
of MCF-7 and MDA-MB-231 breast cancer cells following 
treatment with 250 //g/ml MAP for 24 h. 



difference between DFMO and MAP ranged from 
slight (20%) to big (10 times). According to other 
observations, MAP was 20-100,^^ 10-30^^ or 50-300 
times^^ more potent than DFMO, depending on the 
choice of end point, assay and cell type. Bakic et 
al.^^ found only a minimal difference using HL-60 
cells and a clonogenic assay. The enhanced growth- 
inhibitory aaivity could be due to increased cellular 
uptake of MAP, The difference in sensitivity to MAP 
among the various cell lines could also be due to the 
difiference in their doubling times.^^ According to 
the classic viewpoint, sensitivity is dependent on the 
rate of proliferation (*proliferation<lependent cyto- 
toxicity'),^^ although we have shown that this view 
may not be universally valid.^* Indeed, the slower 
growing BHT-101 thyroid carcinoma cells were more 
sensitive to MAP than the fast-growing P388 cells. 
There was a difference in sensitivity between the 
two breast cancer ceil lines as well, both against 
DFMO^^ and MAP, with the ER-positive MCF-7 cells 
being more sensitive. According to Davidson et al^^ 
there was no clear relationship between either the 
ER status or the proliferation rate and sensitivity to 
the spermine analog BESpm. MAP induced an 
accumulation of cells in Gi and a decrease of cells 
in G2 using P388 mouse lymphoma cells. Similar 
changes in cells cycle phase distribution following 
DFMO or MAP treatment were described by several 
authors.^^'^^'^''^^'^^ This effect can be a consequence 
of polyamine depletion. The shape of the dose- 
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response curves, e.g. the plateau portion, also 
suggested phase-specific effects of the ODC inhibi- 
tors.^*^ Both compounds exerted cytostatic^^ rather 
than cytotoxic effects, although the latter were also 
observed.^^ Whether the effect is cytostatic or 
cytotoxic is dependent on the cell line employed. 
In our opinion, it may be concentration dependent 
as well. At high MAP concentrations, a specific 
cytomorphological effect appeared in most cell lines, 
the cytoplasm became heavily vacuolated, 'foamy', 
followed by cell death. This phenomenon suggests a 
rare type of programmed cell death as described by 
Clarke^ ^ and called non-apoptotic programmed cell 
death (Clarke in type). Foamy cytoplasm induced by 
high doses of tyrphostin, a tyrosine kinase inhibi- 
tor,^^ has been observed.^^ Programmed cell death 
induced by a polyamine analog, CPENSpm, was first 
described by McCloskey et al!^^ No other data on 
programmed cell death elicited by either DFMO or 
MAP have so far been published. The role of ODC in 
c-Myc-induced apoptosis has been reviewed by 
Packham and Cleveland. Polyamines are associated 
with cell death and the precise regulation of ODC 
activity in cells has been suggested as preventing 
polyamine associated cytotoxicity? ^'^^ ODC inhibi- 
tors are potential anticancer drugs. DFMO has been 
introduced into clinical trials. In conclusion, 
superiority for MAP as a new anticancer drug in 
comparison to DFMO is expressed in its higher 
biological aaivity, its histio-specific selectivity and its 
induction of programmed cell death. 
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ABSTRACT 

J-107088 |6-AHl-hydroxymethyl-2-hydroxy)ethylamino-1243-dihydro- 
2,10-dihydroxy-13-(/J-i>-gIucopyranosy!)-5^-indoIo[2^-£f)-pyrrolo(3,4-c*I- 
carbazole-5,7(6//)-dione] is a new derivative of NB-506, an indolocarba- 
zole antitumor agent. J-1 07688 induced single-strand DNA cleavage only 
in the presence of topoisomerase I (topi) more effectively than NB-506 or 
camptothecin. The preferable sequences of the DNA cleaved by J-107088 
were C/T 1 G as in the case of NB-506. This base-preference of J-107088 
in topi -mediated cleavage was different from that of camptothecin, which 
was T i G/A- topi poisons stabilize the complex between DNA and topi 
(cleavable complex). This cleavable complex is released on addition of a 
high concentration of monovalent cation or removal of topi poisons. The 
complex induced by J-107088 was quite stable; it was scarcely released on 
the addition of NaCI or dilution of J-107088, contrar>' to the case with 
camptothecin and NB-506. J-107088-inducing complexes were also stable 
in cultured cells, when the compound was added to the culture medium. 
These unique in vitro activities of J-107088 on topi that differed from 
those of camptothecin and NB-506 may be relevant to its more potent in 
vivo antitumor efficacy in a human tumor xcnographtcd nude mouse 
model. 



INTRODUCTION 

DNA topl^ is a very important anticancer target. The topi poisons 
irinotecan and topotecan have been used for the treatment of several 
types of human cancers, and 9-aminocamptothecin and 9-nitrocamp- 
tothecin are now in Phase Il/Ill tests. In addition to these camptothecin 
analogues, new indolocarbazole compounds have been reported as 
topi poisons. Among them, NB-506 is one of the most potent topi 
poisons showing significant antitumor activity in vitro and in vivo 
(1, 2). Whereas camptothecin and its analogues selectively enhance 
DNA cleavage at a T i G/A site, NB-506 enhances cleavage at a C/T 
i G site (3). Because NB-506 shows a very wide chemotherapeutic 
spectrum against both murine tumors and hunian tumor xenografts in 
mice (2), Phase 1 studies were conducted on it at the National Cancer 
Center Hospital East, Chiba, Japan in 1993-1995. 

During the course of clinical trials of NB-506, we continued to 
synthesize derivatives of NB-506, to obtain more potent compounds. 
Among several hundred compounds thus far synthesized, J-107088 
turned out to be superior to NB-506 for targeting topi. J-107088 
contains an alcohol group instead of the formyl group in NB-506 at 
position N-6 and two hydroxyl substitutions at positions 2 and 10, 
instead of positions 1 and 11 (Fig. 1). J-107088 showed greater 
inhibitory activity than NB-506 against topi, unique characteristics of 
its mode of action on topi stronger cytotoxicity. Here we report the 
topi inhibitory activity of J-107088 and its antitumor activity in vitro. 
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MATERIALS .AND METHODS 

Cells and Enzymes. PSN-1 and HCTl 16 cells were gifts from Dr. M, 
Terada and Dr. N. Shindo-Okada, respectively, of the National Cancer Center 
Research Institute (Tokyo, Japan). MCF-7 and their multidrug resistant cells 
MCF-7 AdrR were provided from National Cancer Institute. (Bethesda, MD). 
LX-1 cells were provided by Dr. K. Komiyama of Kitasato Institute (Tokyo, 
Japan). MKN-45 and PC- 13 cells were purchased from Immuno Biological 
Laboratories (Gunma, Japan). Other cell lines were purchased from the Amer- 
ican Type Culture Collection (Rockville, MD). All of the cells were cultured 
in DMEM or RPMI 1640 supplemented with 10% fetal bovine serum. 

Recombinant mouse topi containing six histidinc residues at the NHj- 
terminal was produced in Spodoptera fmgiperda (Sf9) cells using a baculo- 
virus expression system. Histidine-fused Topi was purified from the cell 
extracts on a hydroxyapatite column and a Ni-NTA column (QUIAGEN; 
Hilden, Germany; Ref. 3). One unit of these enzymes was defined as the 
activity that completely relaxed 0.4 p% of supercoiled pBR322 DNA. 

J-107088 and Other Anticancer Drugs. J-107088 (Fig. 1), 6-A'-(l-hy- 
droxymethyl-2-hydroxy)ethylamino- 12,13-dihydro-2, 1 0-dihydroxy- 1 3-(^-D- 
gIucopy^anosyl)-5//-indolo[2,3-£^]-py^rolo[3,4-c]carbazoIe-5,7(6//)-dione and 
NB-506 were synthesized in our institute by the method reported previously 
(4). Etoposide, Adriamycin and camptothecin were purchased from Sigma 
Chemical Co. [Mc(hyl-[^H]]thymidine and [a-^^P]dCTP were purchased from 
Amersham-Pharmacia Biotech. 

Topoisomerase-mediated DNA Cleavage and Religation. The DNA 
cleavage reaction by topi was carried out as reported previously (1). Briefly, 
50 units of topi were incubated in reaction mixtures [0.4 p% of pBR322 
plasmid DNA,, 50 mM Tris-HCl (pH 7.9), 120 mM KCl, 0.5 mM DTT, 0.5 mM 
EDTA, and 30 /ig/ml BSA in a total volume of 20 p\] with topi poisons at 
30''C for 15 min. For measurement of the religation rate of DNA at high salt 
concentration, NaCl was added at 0.35 m after the cleavage reaction, and the 
reaction mixture was further incubated at SO^'C for 1 5 min. For experiments on 
the dilution of topi poisons, the reaction mixture without a topi poison was 
added to the cleavage reaction to reduce the concentration of topi poison to 
one-tenth of its initial concentration. Then the diluted reaction mixtures were 
incubated at 30X for 1 5 min. After each incubation, aliquots were taken at the 
indicated times and mixed with stop solution (0.65% SDS). The denatured 
proteins were digested with 1 mg/ml proteinase K. Cleaved DNA was sepa- 
rated by 1% agarose gel electrophoresis in the presence of 0.5 ^ig/ml of 
ethidium bromide, and measured using a densitometer. 

Cleavage Site Induced by topi. A synthetic oligonucleotide containing 
the TetraJiymena^s topi binding sequence (5, 6) was inserted into the HindWl- 
£coRl site of pBR322. The DNA was digested witii BamWl and tiie 3' end of 
the fragment was labeled with [ar-^^P]dCTP and the Klenow fragment. After 
digestion with £coRJ, the 258-bp fragment was used as a substrate for cleavage 
site analysis (3). A sample of 0.1 pmol of the 3 '-end-labeled fragment was 
incubated with 500 units of top 1 in 20 p\ of reaction mixture [50 mw Tris-flCI 
(pH 7.9), 120 mM KCl, 0.5 niM DTT, 0.5 mM EDTA, and 30 /ig/ml BSA]. 
After incubation for 1 5 min at 30**C, the reaction was stopped by the addition 
of 3 jitl of 5% SDS and the denatured enzyme was digested widi 1 mg/ml 
proteinase K. The cleaved fragments were analyzed by denaturing 6% PAGE. 

Cleavable Complex Formation in Cultured Cells. Aliquots of 2.5 X 10^ 
HCTil6 human colon cancer cells were prelabeled by incubation with 
DMEM-10% fetal bovine serum containing [-^Hjthymidine [1 mCi/mmol; 0.5 
jxCi/ml] at 37*'C and 5% COj for 18 h in a total volume of 0.1 ml. The cells 
were washed with fresh medium and then incubated with topi inhibitors for the 
indicated times. For analysis of the amount of cleavable complex after the 
removal of topi poisons, cells that had been incubated with the drugs for 60 
min were washed once with fresh medium and cultured further in drug-free 
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Fig. 1. Structures of M 07088 [6-yV-(l-hydroxymethyl-2-hydioxy)ethylamino-12J3- 
dihydro-2, 1 0-dihydroxy- 1 3-<^-D-gIucopyranosyl)-5//-indolo[23-a]-pyrroIo[3,4-c]carba- 
zole-5,7(6//)-dione] and NB-506. 
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Fig. 2, Top] mediated DNA cleavages induced by J- 107088, NB-506, and camptoth- 
ecin. pBR322 ptasmid DNA was incubated with topi in the presence of test compounds. 
A, topi -mediated DNA cleavage. B, (knsitometric analysis of top 1 -mediated DNA cleav- 
age. J- 1 07088; O, NB-506; A, camptothecin. Control shows the amount of DNA 
cleaved by topoisomerases in the absence of topoisomeiase poisons. 



medium for 5, 15, 30, 60, and 120 niin. After incubation, the cells were lysed 
with 1.5% SDS-5 mM EDTA solution and subjected to K"^/SDS precipitation 
assay as described previously (7). 

Antitumor Spectrum in Vitro. Samples of 1 X 10^ cells were plated in 
96-well plates 1 day before the start of the assay. Then, sequentially diluted test 
compounds were added to each well, and incubation was continued for 72 h. 
Growth of cells was estimated by a sulforhodamine B dye-staining method (8). 

RESULTS 

Induction of topl-mcdiated DNA cleavage. J-107088 induced 
single-strand cleavage in pBR322 plasmid DNA only in the presence 
of topi. The ECso values of J-107088, NB-506, and camptothecin 
were 0,05, 0,27, and 0.42 jjlm, respectively (Fig. 2). As reported about 
many indolocarbazoles including NB-506 (I, 9), J-107088 did not 
induce double-strand DNA cleavage in the presence of topoisomerase 



il (data not shown). And J-107088 does not belong to the staurospo- 
rine family of kinase inhibitors (data not shown). Therefore, the 
mechanism by which J- 1 07088 inhibited topi was similar to, but more 
potent than, those of NB-506 and camptothecin. 

DNA, cleaved by incubation with topi poisons, was found to be 
reiigated by increasing concentrations of NaCl or decreasing concen- 
trations of topi poisons in an in vitro system. When 0.35 M NaCl was 
added to the DNA cleavage reaction, camptothecin-induced DNA 
nicking rapidly decreased to almost completely reiigated v^dthin 5 min 
(Fig. 3Ay In contrast, DNA cleavage induced by J-107088 remained 
almost unchanged even 15 min after the addition of NaCL The 
cleavable complex formed with NB-506 showed intermediate stability 
between those with camptothecin and those wdth J-107088. When the 
concentration of topi poisons w^as decreased by dilution, the cleavable 
complex dissociated and, consequently, the level of nicked DNA was 
reduced (Fig. 3B). The speed of release of the J-107088-induced 
cleavable complex was much slower than that of NB-506 or campto- 
thecin. These results suggested that the cleavable complex formed by 
J-107088 tended to be more stable than that formed by NB-506 or 
camptothecin. 

Nucleotide Sequence of Preferable Cleavage Sites. The cleavage 
sites that are preferentially enhanced by J-107088 were analyzed 
using a 3' end-labeled 258-bp DNA fragment. J-107088 did not 
enhance DNA cleavage in the absence of topi (Fig, 4, Lane 14). There 
w^ere some common sites at w-hich J-107088, NB-506, and campto- 




Time after the addition of NaCl (min) 




, , , 

0 5 10 15 

Time after dilution (min) 

Fig. 3. Religation of DNA cleaved on addition of NaCl {A) or dilution of test 
compounds {B). The ordinate indicates the time after addition of NaCl or dilution of test 
compounds. The abscissa indicates the amount of cleaved DNA remaining. J-107088; 
O, NB-506; A, camptothecin. 



AN INDOLOC.^RBAZOLE ANTICANCER AGENT, J- 107088, TARGETING topi 





0) 

i 








CO 




e 








1 

o 




Topoiso 


CO 

o ^ 

^3 


l3 


00 
CO 


S 

O 


1- 


+ 




o 








<< 
oo 




o 

oo 


5^? 


1 




. 12 . 3 4 is 6 7 8 9 10 1112 13 14 

Fig. 4. Preferable cleavage sites of DNA induced by J-1 07088 in the presence of topi. 
The DNA ladders of G (Lane 1) and A+G (Lane 2) were prepared b>' the Maxam-Gilbert 
reaction and treatment with bacterial alkaline phosphatase. The cleavage sites enhanced by 
J- 1 07088 and camptothecin were anal>'2ed using a 3 '-end-labeled 258-bp DNA fragment 
and 500 units of top I (Lanes 4-13), Open arrowheads, sites cleaved by both J- i 07088 and 
camptothecin- Closed arrowheads, sites cleaved by J-1 07088 but not camptothecin. 
Letters next lo these arrowheads^ the bases at — I and + 1 positions of cleavage sites. 



thecin enhanced DNA cleavage (Fig. 4, open arrowhead). Most of 
these common sites had T and G at the - 1 and + 1 position, respec- 
tively, of the cleavage sites. In addition to these common sites, 
J- 107088 and NB-506 enhanced the cleavage at several specific sites 
(Fig. 4, closed arrowhead). These J- 107088 and NB-506-specific sites 
had C and G at the - 1 and + 1 position, respectively, of the cleavage 
sites. The pattern of cleavage by J- i 07088 was almost the same as that 
by NB-506. There vi^ere no other apparent rules of base preference of 
cleavage sites except for the bases at the - 1 and + 1 positions. 

DNA-Protein Complex Formation in Cells. J- 107088 increased 
formation of the DNA-protein complex in a time-dependent manner 



for up to 3 h. When J- 107088 was removed from the medium, the 
amount of protein-linked DNA in cells decreased very slowly, and 
two- thirds of the complex still remained 2 h after drug removal (Fig. 
SA), In contrast, the DNA-protein complex formed by camptothecin 
increased immediately on addition of the drug and rapidly decreased 
on withdrawal of the drug (Fig. 5Q. Results with NB-506 were 
intermediate between those with J-1 07088 and camptothecin; the 
complex increased gradually and was saturated 1 h after exposure to 
the drug. The complex in the cells was gradually decreased after 
withdrawal of NB-506, disappearing almost completely after 2 h (Fig. 
SB). Thus, the DNA-protein complex induced by J- 107088 persisted 
for longer after removal of the drug from the culmre medium than 
those fornied by NB-506 and camptothecin. 

Antitumor Spectrum of J-107088 on Various Human Cancers 
in Vitro. The c>lotoxic activities of J-107088 on various human 
cancer cells were measured by a 72-h continuous exposure assay, and 
the results were compared with those for NB-506, camptothecin, 
Adriamycin, etoposide, and cisplatin (Table 1). The IC50 values of 
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Fig. 5. DNA-protein complex remaining after removal of topi inhibitors. HCTlie 
human colon cancer cells were incubated with topi inhibitors, and the amounts of 
DNA-protein complexes were measured by K^/SDS assay after incubation for the 
indicated times. Solid line with closed symbols, the amount of DNA-protein complex; 
broken line with open symbols^ the amount of the complex after removal of drugs; line 
without symbols, control. • and O {A), 0.6 /iw J-107088; ■ and □ {B), 4.0 /im NB-506; 
▲ and A (Q, 0.3 /im camptothecin. 
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Tabic I Cytotoxicities of J-I070S8, NB-506. and other anticancer agents against various human cancer cell lines 



Cell line" 


J- 107088 


NB-506 


Camptothccin 


Adriamycin 


Etoposidc 


Cisplatin 


UM-UC-3 


0.0015 


0.35 


0.015 


0.043 


0.57 


1.4 


FaDu 


0.0028 


0.15 


0.013 


0.024 


0.53 


2.5 


SK-HEP-1 


0.0058 


0.20 


0.012 


0.0063 


0.20 


3.0 


mk:n-45 


0.0075 


0.6J 


0.018 


0.21 


3.9 


2.3 


HT-I080 


0.025 


1.3 


0.018 


0.031 


0.60 


I.l 


PC- 13 


0.025 


1.3 


0.065 


0.11 


0.13 


>5.0 


ACHN 


0-031 


1.4 


0.021 


0.022 


0.40 


2.3 


C32 


0.17 


11 


0.033 


0.11 


1.7 


2.0 


DLD-1 


0.19 


3.4 


0.080 


0.13 


0.46 


>5.0 


HT-29 


0.21 


12 


0.041 


0.10 


4.5 


5.0 


BxPC-3 


0.23 


3.2 


0.056 


0.17 


7.3 


1.9 



" The origias of the human cancer cell lines were as follows: UM-UC-3, bladder; FaDu, pharyn.x; SK-HEP-1, liver: MKN-45, stomach; HT-1080, fibrosarcoma; PC-13. lung; ACHN, 
renal; C32, melanoma; DLD-1, colon; HT-29, colon; BxPC-3, pancreas. 



J- 107088 on the 11 cell lines ranged from 0,0015 to 0.23 ;LtM. Tlie 
antitumor spectrum of J-I07088 was similar to that of NB-506 but far 
higher against all of these cell lines. The spectrum of J- 107088 was 
quite different from those of the other anticancer agents tested, MCF-7 
AdrR were 40- and 200-fold more resistant than parental MCF-7 cells 
to Adriamycin and Taxol, respectively. In contrast, MCf -7 AdrR cells 
showed only 1.6-fold and 2.7-fold greater resistance than the parental 
cells to J-1 07088 and NB-506, respectively (Table 2), Thus, we 
concluded that J- 107088 was effective against cancer cells that 
acquired resistance to Adriamycin or Taxol because of overexpression 
of p-glycoprotein (gp-170). 

DISCUSSION 

J- 1.07088 was categorized as a topi poison that is a cleavable 
complex-forming inhibitor because it inhibited topi through stabili- 
zation of the DNA-enzyme complex and enhanced single- strand DNA 
cleavage. In this characteristic, J- 107088 resembled camptothecins. 
However, the potency, the stability of the cleavable complex, and the 
preferable sequence of cleavage sites of J- 107088 were quite different 
from those of camptothecins. 

Enhancement of topoisomerase-mediated DNA cleavage is likely to 
be caused by the following two mechanisms; acceleration of the 
cleavage process and suppression of the resealing process (9, 10). 
Because the addition of NaCl inhibits the cleavage reaction by block- 
ing the association of topi with DNA, the effect on the resealing 
process can be highlighted at a high salt concentration (1 1). J-1 07088- 
induced DNA cleavage was not resealed on addition of NaCl. This 
result suggested that the inhibitory effect of J- 107088 on the resealing 
process was quite potent. It is also known that restoration of cleavage 
is caused by the removal of topi inhibitors. When the concentration of 
J- 107088 was decreased by diluting the reaction mixture, the decreas- 
ing speed of nicked DNA wzs obviously slower than those of NB-506 
and camptothecin. These results demonstrated that the cleavable com- 
plexes formed by J- 107088 were more stable than those of complexes 
with NB-506 and camptothecin. 

In analyses using cultured cells, J- 107088 increased the DNA- 
protein complexes time-dependently during incubation, and consider- 
able amounts of the complexes remained after withdrawal of 



Table 2 Cytotoxic activities of J- J 07088 and other agents against parent and 
multidrug resistant cell lines 







C>'totoxicity GC50. f^>^) 




Cell line 


M 07088" 


NB-506 Adriamycin 


Taxol 


MCF-7 
MCF-7 AdrR 


0.057(1.0) 
0.091 (1.6) 


1.8(1.0) 0.030(1.0) 
4.8(2.7) 1,2(40) 


0.0017(1.0) 
0.34 (200) 



( ), relative resistance. 



J- 107088. In contrast, the DNA-protein complex formed by campto- 
thecin rapidly disappeared after removal of the drug. The rate of 
formation of J-107088-induced cleavable complex in cells was much 
slower than that of camptothecin. The level of DNA-protein complex 
was higher with camptothecin as compared with J- 1 07088 for short 
incubation times < 30 min,), although J- 107088 showed higher 
potency to purified topi than camptothecin. The reason for this 
discrepancy is not clear. The amount of complex was probably deter- 
mined by the concentrations of the drug in the cells and the potency 
of the topi poisons. There are at least two possibilities. One is that the 
uptake of J- 107088 to cells may be very much slower than campto- 
thecin. Another possibility is that J- 107088 inhibits the formation of 
cleavable complex because J-1 07088 intercalates to DNA (data not 
shown). The amount of complex remaining after the removal of drugs 
was probably detennined by the concentrations of the drug remaining 
in the cells and the stability of the cleavable complexes. Although, the 
cellular concentration of J- 107088 was not investigated, the high 
stability of the J-1 0708 8-induced cleavable complex possibly contrib- 
uted to the duration of stability of its intracellular complex, 

J- 107088 showed a very different antitumor spectrum in vitro 
pattern firom those of camptothecin, Adriamycin, etoposide, and cis- 
platin. J- 107088 was also effective against multidrug resistance cell 
lines which overexpress gpl70. Previously, we demonstrated that the 
cytotoxic effects of NB-506 were determined by its accumulation 
level in cells (1). Although the level of J- 107088 in each cell has not 
yet been investigated, the accumulation of J- 107088 may play crucial 
roles in its activity and selectivity against various tumors as in the case 
of NB-506. 

J- 107088 differs fi-om NB-506 by two substitutions (Fig, 1), Al- 
though both modifications are necessary to increase the topi inhibi- 
tion and cytotoxicity, the shift of OH groups is likely to be more 
critical. Similar to the result reported by Zembower et aL (12), the 
shift of OH groups of NB-506 from 1,11 to 2,10 positions consider- 
ably increased the potency of topi inhibition and cytotoxicity.-' Fur- 
thermore, Bailly et aL in collaboration with us showed that the 
position of OH groups of NB-506-type drugs affected the DNA 
binding activities and potency of topi inhibition (13). The shift of OH 
groups from 1,11 to 2, 10 without the change of substitutent at the 6-A^ 
position of NB-506 abolished the DNA binding activity and changed 
its preferable sequence of DNA cleavage ft^om C/T i G to T i G. 
J- 107088 was bound to DNA (data not shown), and its preferable 
sequence of DNA cleavage was C/T I G (Fig, 4). The replaciement 
of NHCHO of NB-506 to NHCH(CH20H)2 without the change of 



^ M. Ohkubo, T. Nishiraura, T. Honma, 1. Nishiraura, S. Ito. T. Yoshinari. Fl. Arakawa, 
H. Suda, H. Morishima, and S. Nishimura. Synthesis and biological activity of NB-506 
analogues: effect on the position of two hydroxyl groups at the indole rings, manuscript 
in preparation, 
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position of OH groups increased the potency of topi inhibition, DNA 
binding, and cytotoxicity (14, 15). Thus, the potency of topi inhibi- 
tion, DNA binding activity, and cytotoxicity of NB-506-type drug 
may be determined by the combination of the position of OH groups 
and substitutent at the 6-N position. 

All of these in vitro data suggest that J- 107088 is a new type of topi 
inhibitor with different and superior characters to other anticancer 
drugs currently used clinically. These finding are supported by the 
superior in vivo efficacy of J- 107088 in a human tumor xenographtic 
nude mouse model (16). 
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[57] ABSTRACT 

The present invention relates to a method of testing the 
sensitivity of cancer drugs with cancer cells cultured in 
vitro. Cancer cells are cultured in a collagen gel sub- 
strate. A wide variety of human cancer cell types 
readily proliferate in liie collagen gel substrate, how- 
ever, fibroblast cells proliferate as well. The measure- 
ment of the growth of the cancer cells is hindered by 
the presence of the fibroblast cells. The present inven- 
tion solves this problem by counting the number of 
colonies with an image processor which selectively 
extracts the image signals of cancer cells and their colo- 
nies. In a second embodiment, the growth of cancer 
cells is determined by measuring the volume of colonies 
with the image signals of cancer cells and their colonies 
selectively extracted. The results can be obtained effec- 
tively within a short period of time. 
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1 2 

with the limited quantity of obtained cells is smaller. 

METHOD FOR TESTING THE SENSmVITy OF Second, there is a problem that the kinds of cancer cells 

ANTICANCER DRUG capable of being cultured are limited. That is, the cancer 

cells variously differ in kind and character due to a 

BACKGROUND OF THE INVENTION 5 tissue difference etc. in a diseased part so that among 

The present invention relates to a testmg method for variously different kinds of cancer cells only a few 

sensitivity of anticancer drugs and, in detail, relates to a kinds of cells can be cultured in a soft agar substrate, 

method in which the sensitivity of cancer cells to anti- The present inventors, therefore, examined a new 

cancer drugs is tested with cancer cells, cultured in anti-cancer drug-sensitivity test, in which a collagen gel 

vitro. 10 substrate was used in place of a soft agar substrate, in a 

There have been known the following methods , for primary culture system using human cancer cells. As a 
determining the therapeutic efficacy of anticancer result, we found that even the human cancer cells 
drugs, or for the drug-sensitivity test: a clinical testing which did not proliferate in a soft agar substrate were 
method in which anticancer drugs are dosed to cancer able to proliferate steadily in collagen gel substrate 
patients and the change in cancer tissue is exammed by (refer to Koezuka et. al., 'Tissue Culture Research 
diagnostic examination; an in vivo (animal) testing Communications", Vol. 6,. No. 1, 1987). From the re- 
method in which anticancer drugs are dosed to animals suits, the collagen gel culture method made it possible 
to whom human cancer tissue is transplanted; a cell for tiie cell culture testing method to greatiy spread tiie 
culture testing metiiod in which cancer cells are taken range of adaptability. Furthermore, the metiiod has 
from cancer patients, brought in contact with antican- 20 ^^^^ ^ advantages of that tiie number of 
cer drugs and then cidtured by usmg an adequate sub- cells required for culture is small because cancer ceUs 
strate, or the cells are brought m contact with the drug proliferated more effectively in collagen gel tiian in 
while cultivatmg, and after a defmite penod of tmie, tiie ^^^^ ^he test results <L be obtained 
growth of canc^celk IS me^uredj and^^^^^^ effectively withm a short period of time. 

It IS as usual tiiat after c^Wtion of tiie anUcancer 25 ^^^^^^ ^^^^ ^ 

u ^^ ^ developed anticancer di^gs by usmg j^^a of cells prolif^t J in collagen gels is mea! 

the cell culture or m vivo-testmg methods, the drugs are . . ^. v^^a^cu ^cia la mca 

tested clinically to confirm tiie efficacy in a final stage, determination of tiie growtii of cancer ceUs. 

because tiiey can not be appHed to tiie clinical testkg However when cancer cells are cultured m a colla- 
metiiodfromtiiefirststageoftiieirdevelopmentThem 30 pi substeate, the coUagen gel culture creates a 
vivo^testing metiiod suffers disadvantages of difficulties Problem tiiat fibroblasts which are contamed m cancer 
in controlling animals for experiments such as nude probferate togetiier witii tiie cancer cells, 

mice etc. and low success rate m tiie transplantation of depending on tiie kind of tiie cancer tissue. Since tiie 
human cancer cells, and also requires a long period of fibroblasts also possess DNA similarly to tiie cancer 
time before obtaining experimental results. In contrast, 35 method for measuring the growth of cancer 

a cell culture testing method has advantages that it is ^® above-mentioned quantitative determma- 

performed by using a relatively simple equipment and of DNA can not be used. Therefore, in such a case 

by a relatively simple procedure and provides the ex- formed cancer cell colonies have to be counted by 

perimental results in a short period of time. Therefore, measurement or by means of a colony counter, 

an anticancer drug sensitivity test by a cell culture test- 40 However, when the measurement is carried out by eye 
ing method plays a very important role in the develop- measurement using a stereoscopic microscope, selective 
ment of new anticancer drugs. counting of the cultured cancer cells alone requires a 

Hitherto, as a typical cell culture testing method, a great deal of labor, and the measurement varies from 
method which is called as the HTCA (Human Tumor observer to observer, resulting in inaccurate results. It is 
Clonogenic Assay) method has been known. According 45 ^dso actually impossible to distinguish exactiy between 
to the method, a single cell suspension is prepared from cultured cancer cells and fibroblasts by means of a 

cancer tissue obtained from a living body and brought conventional colony coxmter. In most human cancer 
in contact with an anticancer drug, and the cancer cells tissues obtained from a surgery material, fibroblasts and 
are then cultured in a soft agar substrate. Subsequentiy, cancer cells proliferate simultaneously in collagen gel 
the number of the cancer cell colonies form^ after 50 substrata, and hence it is very difficult to examine the 
cultivating for a definite period of time is counted to sensitivity of anticancer drugs against human cancer 
evaluate the inhibition rate on the colony formation by cells cultured in the substrate unless both the fibroblasts 
the anticancer drug and thereby the anticancer drug and cancer cells are separated. Although several tech- 
sensitivity is tested. The counting of colonies is per- niques such as the cis-hydroxyproline(Oxyprolin) 
formed with eye measurement or by using a colony 55 method, the D-valine method, the dtrulline method, 
counter. As alternatives, there are methods in which and the like have hitherto been proposed as methods for 
cells are cultured by using a monolayer culture tech- depressing the proliferation of fibroblasts without de- 
nique followed by evaluating the efficacy of anticancer pressing proliferation of cancer cells, none of these 
drugs against cancer cells using an isotope method and techniques is practically useful because they are effec- 
a DNA-measuring method and others. 60 tive for only a few, limited kinds of fibroblast. 

However, the HTCA method which is the most typi- ^ , * r^^^^^T 

calanticancerdrngsensitivitytestmgmethodinthe^ SUMMARY OF THE INVENTION 

culture methods has the foUowing problems. An object of the present invention is to provide a 

First, although the cell culture method using soft agar testing method for testing the sensitivity of anticancer 
substrata has an advantage of depressing proliferation of 65 drugs, which has not only the advantage of collagen gd 
fibroblasts, it requires a large number of cells for culture substrate capable of cultivating cancer cells effectively, 
because of the low colony formation rate of cancer but also capability of simply and accurately measuring 
cells. Therefore, the number of tests being carried out the growth of cancer cells alone, even if the fibroblast 
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proliferation simultaneously occurs that is up to present such as a TV camera in order to input the sample image 

a defect of the collagen gel substrate. signals into the image processor. 

To solve said object, the present invention provides a Setting of a culture sample at an observing position of 

testing method for testing the sensitivity of anticancer a microscope can be performed by hand, but if a contin- 

drugs, wherein cancer cells are proliferated by using a 5 uous transfer mechanism which is able to send a culture 

collagen gel as a substrate and an image processor is sample continuously to the observing position or to take 

used as a means for measuring the growth of cancer out the sample is equipped, an attempt to raise effi- 

ceUs. Thus, image signals of the cancer cells and their ciency of measurement may be achieved, 

colonies are selectively extracted from those of a sample In the present invention, a TV camera of the image 

obtained with imaging and the growth of cancer cells is 10 processor receives gray images of a cultured sample, 

determined with the thus-obtained image information of For the sample images received, there is a case where 

the cells and colonies to assay the anticancer drug sensi- only the images of cancer cells and their colonies(- 

tivity. hereinafter referred to as "cancer cells") exist and a case 

According to one embodiment in the present inven- where the images of those and images of the above- 

tion, the growth of cancer cells is determined by count- 15 mentioned fibroblasts exist as a mixture. The image 

ing the number of colonies with the Image signals of processor undergoes processing for removing unneces- 

cancer cells and their colonies selectively extracted. sary images such as those of fibroblasts etc. other than 

According to another embodiment in the present the cancer cells from the sample images. To separate the 

invention, the growth of cancer cells is determined by images of cancer cells from the other unnecessary im- 

measuring the volume of colonies with the image sig- 20 ages and remove the latter images, a function for sepa- 

nals of cancer cells and their colonies selectively ex- rating the gray levels and shapes in the image processor 

tracted. is employed. The cancer cells form a solid image having 

The collagen used as a substrate may be capable of a certain degree of size as well as a profile and a gray 

gelation, and type I collagen which shows high gel level by that a large number of cells gather together, 

strength is further preferred. Additionally, since an 25 that is a colony, whereas the fibroblasts take a fine fi- 

opticai measurement is being carried out, it is preferable brous shape or a twig shape as suggested by the name, 

that the coUagen used in the present invention is such Therefore, the cancer cells and fibroblasts can be dis- 

that is exhibits transparency for light having the wave- tinctiy distinguished by the shape difference as well by 

length used for the measurement, and further that it has differences in the gray levels of images. Thus, the image 

an optically uniform character in the gel form. Further- 30 processor recognizes as cancer cells only the images in 

more, collagen which does not cause any optical qual- which the shape, area, gray level, and color difference 

ity-change due to time-passage during culturing is de- etc. fulfills definite conditions, and also recognizes the 

sired. images, which does not fulfill isaid condition, as unnec- 

Also, the process in which cancer cells are cultured in essary images of fibroblasts etc. and thus, the images 

a substrate composed of collagen gel is carried out ac- 35 other than the images of cancer cells are removed and 

cording to hitherto-known, various kinds of tissue-cul- the remaining cancer cell images can be taken out. 

ture methods using collagen gel. The time when an Then, when the shapes of individual images being 

anticancer drug is brought in contact with cancer cells shown in the cancer cell images undergo arithmetic 

may be properly set, for example, it may be just before processing and are evaluated, a change in the growth of 

inoculating cancer cells taken from a patient(primary 40 cancer cells, that is a proliferating extent, can be mea- 

cancer cells) into a collagen gel substrate; before inocu- sured. 

lating cells treated with subculture of the primary can- In order to evaluate the sensitivity of anticancer 
cer cells into the substrate; immediately after inoculat- drugs, for example, a pair of cancer cells, one of which 
ing them mto the substrate; or after several days* culti- is brought in contact with an anticancer drug or with 
vation of cells inoculated. There is no special limitation 45 different anticancer drugs of two or more kinds and the 
about the time. other of which is not brought in contact with any anti- 
An image processor is used as a means which mea- cancer drug as a control experiment, are cultured under 
sures a change in the growth of cancer cells. The image identical conditions, and change in the growth of can- 
processor is connected with an optical instrument such cer cells measured with said image processor is com- 
as a microscope etc. and image signals obtained thereof 50 pared. 

are converted into numerical image information fol- To determine a growth extent of cancer cells with the 
lowed by arithmetic processing and, thus the processor images of cancer cells selectively extracted, as de- 
is used in order to obtain clear and acurate information scribed above, there are, for example, the following two 
of an object Thus, the processor is equipped with an kinds of procedure. One is to count the number of colo- 
image processing mechanism such as a microcomputer, 55 nies in the images of cancer cells. The other is to mea- 
etc.; a memory mechanism for the image derived from a sure the volume of colonies in the images of cancer 
fixed disk device, etc.; and an outputting mechanism cells. 

such as a monitor television or a video printer for out- According to the first procedure, for example, the 

putting the image information processed. number of colonies obtained by culturing cancer cells 

The microscope used may be similar to a microscope 60 which have been brought in contact with an anticancer 

which has hitherto been used for measuring cancer cells drug and that obtained by culturing cancer cells' with- 

with eye measurement. Measurement performance and out the contact (control experiment) are determined by 

measurement accuracy can be elevated by properly automatic counting for comparison, 

selecting the conditions such as the magnification of a According to the other procedure, for example, the 

microscope that is largeness of a visible scope, depth of 65 volume* of colonies obtained by culturing cancer cells 

a focus, distance of a subject, an equipping structure of which have been brought in contact with an anticancer 

culturing vessels, and an illuminating apparatus etc. The drug and that obtained by cultxuing cancer cells with- 

microscope may be equipped with an inputting device out the contact (control experiment) are derived for 
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comparison. Here, the derivation of the volume is, for FIG. 2 is a graphic diagram which shows results 
example carried out as the undermentioned, but it is not obtained from the measurement of sensitivities of anti- 
limited witiiin it. cancer drugs in the examples for comparison. 

With culturmg of cancer cells in &e collagen gel FIG. 3 is a diagram which explains three examples for 

snbstrat^ the kmd of cancer ceUs berng cultured m- 5 proliferating extents in culturing cancer cells, 

cr^^the apphcation region of the ceU culture testing rig. 4 is a diagram which shows, in culturing cancer 

method edarge^ and abotiie growth of cancer celk cells, one examp^ of cases where treatment with an 

proceeds smoothly and the test results can be obtained j ^ . wi«i au 

surely and promptiy. anticancer drug was not earned out (a control expen- 

By that Lai^ount of colonies formed with cancer 10 n^ent group) and one example of cases where the treat- 

cells is measured and analysed by means of an image ^^^^w^ carried out. 

processor, the effect of fibroblasts which proliferate , ^9'^ ^ cross-sectional view for the X-X in FIG. 

together with cancer cells can be eliminated. That is, in example of cases where the colonies 

an image of a cultured sample, the cancer cell image ^ contact 

shows a block shape and a dark image, whHe the fibro- 6 is the graph which shows a correlation be- 

blast shows a light image of a fine fibrous shape, so that tween the colony number and colony volume with the 

the cancer cell and fibroblast are distinctly different in amount. 

the shape and gray level In the image processor, only FlO- 7 is a graph which shows the sensitivity-measur- 

the images having a shape and a grey level of definite results by each anticancer drug in the example 2 and 

conditions can be taken out from inputted images, so example for comparison 2. 

that the images of cancer cells and those of fibroblasts FIGS, 8-19 are photographs of monitor television 

are separated to take only the images of cancer cells. pictures referred. 

Also, besides the fibroblasts, the imaees of unnecessarv 

objects having a grey level Lnd a profile diSSt^ DESCRIPTION OF THE PREFERRED 

those of cancer cells, can be separated from the images ^ EMBODIMENTS 

of cancer cells. When the amount of colonies being The examples of the present invention are explained 

formed with cancer cells is measured with the cancer in detail, but this invention is not limited within the 

cell images taken out, a change in the growth of only undermentioned examples. 

the cancer cells which do not involve the fibroblasts can 

be measured EXPERIMENT 1 

The measurement by an image processor, for exam- Comparison of CoUagen Gel Culture Witii Other Kinds 

pie, when it is compared with that by the nude eye of Culture 

under a microscope^ is capable of measuring a complex r - - % 

amount more effectively and precisely and within a far Initially, it was confirmed by experiments that the 

shorter period of time, and also the measurement can be collagen gel substrate employed in this invention was 

carried out under definite conditions avoiding scatter- superior to the so far known soft agar gel substrates for 

ing of results and possibility of erroneous measurement culture of human cancer cells, 

which results from a different skill etc. of measuring Table 1 presented bdow shows the results obtained 

workers, so that the test results are stable. 4^ fr<5ni the culture of various kinds of human cancer cells 

Additionally, since the present method is a nonde- in collagen gel substrate and so far known soft agar 

structive method, the measurement of an identical sam- substrate. 

pie can be carried out with passage of time and, in a case The culture method used in the so far-known HTCA 

of tha^ a change in amount of the object, that is cancer method was used for the soft agar substrate in the table, 

cells, is measured, such measurement accuracy as that 45 Upon observation of the cultured samples after cultur- 

can not be obtamed from a destructive method may be ing, if the number of colonies of cancer cells exceeded 

easUy realized. Furthermore, tiie process which is nec- 20, the culture was evaluated as successfiil. The numeri- 

essary for analyses may be automated inside the image cal values in each column of the table show the number 

processor and, if it is linked to a continuous measuring of success in the culture versus the number of total 

mechanism, the tmie and kterne^^ 50 experiments. The number of cells inoculated were 

'^TfJJ!^.™„T5^^ 11 - 5xi04forlmlofcollagengelsubstrateand5xl05for 

If measurement of a growth extent of cancer cells is ^ ^ substrate, 

earned out by number-counting of colonies with the * 2»uubiiaic. 

cancer cell images selectively extracted, precise results TABLE 1 

were obtained with an inexpensive image processor 55 

only in cases wherein the colonies do not come in Kinds of cancer cells CoUagen gel substrate agar substrate 

COntoCt Witil one another. Colon cancer-l ITs ^5 

Also, u measurement of a growth extent of cancer Colon cancer-2 5/5 4/5 

cells is carried out by volume measurement of colonies Colon cancer-3 1/5 0/5 

with the cancer cell images selectively extracted, when 60 ^^^^ cancer-i 5/5 2/5 

colonies came into contact with one another or over- cancer-i 5/5 0/5 

lapped, more precise results were obtained compared ^ cancer-2 0/1 _j/i — 

with the above number-counting. 

BRIEF DESCRIPTION OF THE DRAWINGS ,5 As seen from said results, it was proved that, when a 
FIG. 1 is a graphic diagram which shows results collagen gel substrate is used, many more kinds of can- 
obtained from the measurement of sensitivities of anti- cer cells were successfully cultured as compared to 
cancer drugs in the examples of the present invention. when a soft agar substrate is used. 
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PVAMPT F 1 concentration for use of each anticancer drug 

which was brought in contact with cells was equivalent 

According to the undermentioned procedure, the to one-tenth of the highest concentration achievable in 

anticancer drug sensitivity tests in the present invention blood among various concentrations of the drug for 

were carried out to compare the effects of plural anti- 5 clinical use(concentration in tumor tissue). They were 

cancer drugs, 0.1 ^g/ml for MMC, LO /xg/ml for 5-FU, 0.005 /ig/ml 

Culture of Cancer Cells ^'^ ''^'^ ^"l^' ^'^ ''^^ 

The culture of cancer cells being supplied to image 

processing was carried out. 10 Image Processmg 

The cancer cells used were human cancer cells sepa- Both the pictures of the colonies of the human cancer 

rated from nude mouse-xenografted human colon can- cells, which were proliferated in collagen gel substrata, 

cer by a stepwise enzyme-treatment using coUagenase and fibroblasts, which were proliferated simultaneously 

and pronase. The obtained cells were embedded in col- with the cancer cells, in the fixed samples prepared as 

lagen gels and cultured. 15 mentioned above, were taken with a TV camera 

The embedding was carried out as follows: to 8 vol- through a stereoscopic microscope, whereby the im- 

umes of Cellmatrix Type I-A {03% acid-soluble coUa- ages obtained were inputted as image signals into an 

gen solution, made by Nitta Gelatin Inc., Japan) were image processor (LUZEX III U, made by Nikon Co., 

added 1 volume of 10 times concentrated Ham's F12 Ltd.) 

medium(not containing NaHCOs), 1 volume of a recon- 20 Specifications of the Image processor are as follows, 
stitution bufFer(aqueous 50 mM sodium hydroxide solu- Control processor; Intel 80386/7 32 bits processor 
tion containing 260 mM of NaHCOa and 200 mM of Memory unit: 40 megabytes fixed disk drive 
HEPES), and 1 volume of FBS(fetal bovine serum), and Image processing circuit: image area and density, maxi- 
to the mixture thus-obtained were added and mixed mum 1024x1024 pixel X (8 -hi) bit, image array pro- 
well the human cancer cells which were obtained fi'om 25 cesser 

said enzyme-treatment, and the mixture thus-prepared Image inputting device: TV camera, Chalnicon camera 

was kept in ice. One ml of the collagen-cell mixture tube, optical microscope 

solution was pipetted into each Petri dish of 35 mm Image outputting device: digital/analog RGB monitor, 

diameter. The cell number was 5X10* cells/mL This video printer 

mixture solution was then warmed to 37'' C. in a carbon 30 The image signals inputted into the image processor 

dioxide incubator to form collagen gel substrata con- were digitized into picture elements and the concentra- 

taining the human cancer cells. tions corresponding to each element of the image were 

The resulting collagen gel substrata were overlayed converted into numerals and then, taldng the images of 

with 1 ml of a culture medium containing each of anti* colonies of cancer cells and those of fibroblasts as the 

cancer drugs and allowed to stand for 24 hours at 37' C. 35 objects, processing to separate them from the original 

in the carbon dioxide incubator to bring the cells in images was carried out The processing for separating 

contact with drugs. Hereafter, the medium which con- the object images enhanced a feature in the gray level of 

tained drugs was removed by suction, and 2 ml of a the objects by a logical operation. For this operation, a 

culture medium which does not contain anticancer high-frequency component extracting operation, a gray 

drugs were added and shaken in the carbon dioxide 40 level-classifying operation, and a noise removal were 

incubator to wash the collagen gel substrata. This wash- used in combination. Only the images of the objects 

ing was repeated 10 times at 10 minutes intervals to were extracted from the obtained, enhanced images, 

remove drugs from the substrata. In the control experi- according to a definite standard value relating to the 

ment a culture medium which does not contain antican- gray level. At this stage, the numbers of colonies due to 

cer drugs is used and the contact of human cancer cells 45 only human cancer cells were counted Vkdth a difference 

with anticancer drugs is not carried out. in the gray levels or a difference in a changing rate of 

Next, 2 ml of a culture medium was added and cancer the gray levels. In the images after the image processing 

cells were cultured for 10 days at 37** C. in the carbon being carried out, the colonies of cancer cells of the 

dioxide incubator. The culture medium was changed at present object are only enhanced and the unnecessary 

1 to 2 day intervals. After culturing, each collagen gel 50 images of fibroblasts etc. has been removed, so that 

substrate containing cells was fixed by using 10% aque- counting the number of colonies is easy, 
ous formalin to prepare the samples. 

The culture medium used in the above procedure was Examination of Measurement Results Obtained by 

composed of DME, 10% of FBS, Insulin (1 fig/ml), and "^^^ Processmg 

a EGF culture medium (10 ng/ml); where the DME is 55 As described above, from the images after the image 

Dulbecco's Modified Eagle's culture medium (made by processing being carried out, the measurement results of 

Nissui Seiyaku Co.), FBS is Fetal Bovine Serum (made colonies of only human cancer cells are compared with 

by Gibuko Co.), Insulin is insufin (from Sigma Co.), and the results which are obtained from similar measure- 

EGF is Epidermal Growth Factor (made by CoUabora- ments without the image processing, 

tive Co.). 60 When a formalin-fixed sample which has not been 

Anticancer drugs used herein were the following five brought in contact with an anticancer drug is seen with 

kinds: mitomycin (MMC made by Kyowa Hakko a stereoscopic microscope, there exist in a mixture the 

Kogyo Co., Ltd., Tokyo), 5-fluorouracil (5-FU made colonies of cancer cells having a sphere shape and the 

by Kyowa Hakko Kogyo Co., Ltd.), Vindecine sulfate fibroblasts being formed in a bipolar linear shape. 

(VDS made by Shionogi Pharmaceutical Co., Ltd., 65 Under these conditions, when only colonies of a 

Tokyo), Etoposide (VP-16 made by Nippon Kayaku sphere shape, that are the colonies of cancer cells, were 

Co., Ltd.), and Cisplatin (CDDP made by Bristol- careftiUy and with time-taking measured with counting 

Myers Co., Ltd., Tokyo). by the naked eye, the number were 52 pieces per 1.4 
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square millimeters (one visual field). The counting was transplanted subcutaneously into nude mice. Then, 
carried out under a condition of a high extent of en- when the estimated weight of the tumors(cancers) 
largement by a stereoscopic microscope. reached approxhnately 100 mg. each of 3 mg/kg of said 

When a picture-taken unage of the same sample was MMQ 50 mg/kg of 5-FU, 25 mg/kg of VP-16, 5 mgAg 
counted m a stage previous to the image processing by 5 of CDDP, and 3 mg/kg of VDS was injected 4 times 
a colony counter which is usually employed, the colony weekly into the abdominal cavity of 5 nude mice in each 
number was 1024 pieces per 1.4 square millimeters, so group and an, additional one group was served as con- 
that precise countog of colomes of cancer cells was not trols for.which the anticancer drug is not injected. The 
possible by an mflu^^^ estimated weights of tumors were calculated by measur- 

Next, the comitmg result of ^^^^ 10 ing the length (L mm) and width (W mm) of the tumors 

unage m a stage of that said image processmg (a high ^ ^^^^^ LXW2/2. Then, at one week later 

frequency component extracting operation and a gray ^ ^/^^ ^.^^ estimated weights of tumors 
level-classifymg operation) which had already been ^J^^ '^^ percentagS^of theT^ 

earned out was 51 pieces per 1.4 square millimeter, ^ ^ . iu«»uicu, *m« «ic pcic^iiwgca ui luc mc<ui 
which is ahnost the Lne r^t as th^ counting-meas: 15 weights m the case of that treatment with each 

urement result by said naked eye. Therefore, it was was earned out against those m the ^ 

proved diat the counting of the colony number result- (conti^) were calculated similarly as "per- 

ing from the image processing has sufficient accuracy, "^^^ "^^^""^'J^^. '^f^ illustrated in FIG. 2. 
Also, the colony number-counting for the image in a * showmg the measurement results of the 

stage of that said image processing was akeady carried 20 ^^P^^ ^ ^ mvention which comprises a combina- 
out was far simpler than the counting of only the cancer collagen gel culture and an image processing is 

cell colonies in a fibroblasts etc.-coexisting mixture. compared with FIG. 2 showing the measurement re- 

sults obtained from the nude mice method, an excellent 
Result of Counting of Colony Numbers After Image correlation was obtamed for all the cancer drugs. It was 
Processing thus proved that the method of this mvention has been 

Table 2 below-presented shows results of image pro- highly practical as an in vitro alternative method for the 
cessing as described above followed by counting the ^ ^^o nude mouse method. Furthermore, it was 
colony numbers concerning samples which were proved that although the nude mouse method required 
brought in contact with anticancer drugs. In order to more than one month in period of experiment, the 
raise the measurement accuracy the counting of colony 3Q method of the present examples were able to provide 
numbers was carried out with a low extent of enlarge- reliable results of high accuracy within short period of 
ment (one visual field of 2.8 mm X 2.8 mm). time of approximately 10 days. 

TABLE 2 When the growth of cancer cells is measured by 

number-counting of colonies, an exact growth of cells is 
35 sometimes not obtained depending upon the proliferat- 
ing mode of ceUs. For example, as seen in FIG. 3, when 
six pieces of single cancer cdl 1 are cultured in collagen 
gel 5, in a case of that the growth is uniform, and small 
as shown by the arrow A, the six colonies 2 of almost 
40 similar size are formed, so that there is no each other's 
overlapping of colonies. In this case the automatic 
In Table 2, the symbol (-) indicates a case where any counting gives a result of six for the colony number, 
anticancer drug is not used (a control experiment) and. However, in a case of that the growth is non-uniform as 
the anticancer drug for the sample having a smaller shown by the arrow B in FIG. 3, or in a case of that the 
number of colonies in comparison with this control, that 45 growth is large as shown by the arrow C in FIG. 3, 
is the sample in which the growth of cancer cells has plural colonies 2 in a neighborhood are overlapped, so 
been depressed, indicates higher sensitivity. that essentially, plural colonies are determined as one by 

EXPERIMENT 2 automatic counting. For example, in the proliferating 

case as shown by the arrow B, the automatic counting 
Comparison with Previous Method 50 gives a result of four colonies and, in the proliferating 

To confirm the reliability of the method of the exam- ^ shown by the arrow C, the automatic counting 

pie in this invention for an anticancer drug sensitivity gives a result of two colonies (in both cases, the exact 
test, the obtained results were compared with the mea- number of colomes is six). To solve an error of these 
surement results from the nude mouse method which at ^ds, there have been considered; 
present has been recognized as a method showing the 55 (Da method in which the number of inoculating cells 
best clinical correlation in anti tumor effect. (cell density) is lowered (for example, 1 X 10* cells/ml 

First, from the counting results of the colony num- or less); or 
bers obtained from said example, the percentages of the ® ^ method in which measurement finishes before the 
numbers of colonies formed when treated with each colony overlapping takes place, 
anticancer drug against those when untreated (control 60 However, in a majority of primary cancer cells, ob- 
experiment) were derived with calculation as "percent servation of the colonies is only possible in a high den- 
of control". Results are shown as graphs in FIG. 1. sity of culturing such as 5 X 10* cells/ml or more of cell 

Next, the anticancer drug sensitivity test using nude density, so that according to the method (l), an exact 
mice (Example for comparison 1) was carried out as judgment for the effects of anticancer drugs is not possi- 
undermentioned. The nude mouse-xenografted human 65 ble. Also, since the growth of cancer cells differs de- 
colon cancer, which was used in the forementioned pi^ding upon each cancer cell, the measurement in said 
"Cultureof cancer cells", was minced into fragments of (2) method is finished before difference between the 
approximately 2 mm in cubic size and, subsequendy, measurement and a control experiment as well as before 
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difference in the effects of differing anticancer drugs with detenninationofan estimated colony volume. This 

sufficiently appears. Thus, the exact effects of antican- fact was confinned by comparison with an measured 

cer drugs can not be obtained with the method @. DNA amount in the following experiment. This experi- 

As the forementioned, if the growth of cancer cells is JJ^^^ differs from said experiment in use of a human 

not exactly measured, great inconvenience occurs in 5 cancer cell strain not containing fibroblasts. Because of 

actual anticancer drug sensitivi^ testing methods. For ^ measurement of the human cancer ceU strain 

example, as seen in FIG. 4, when s« pieces of smgle confirmed with measurement of the 

cancer ceU 1 are cultured m the collagen gel 5, in a case r\j^A t 

where the cancer cell is not treated with an anticancer amoun 

drug as shown by the arrow D, six pieces of large colo- lo EXPERIMENT 3 
nies 2 are formed, but if three each among these coIo- 

nies is each other overlapped or come in contact, the Culture of Cancer Cells 

automatic counting gives a result of two for the colony Using a human lung cancer cell strain, in a manner 

number. In contrast, in a case where the cancer cell is same to the control experiment in the above-mentioned 

treated with an anticancer drug as shown by the arrow 15 example 1, a collagen gel-embedded culture was carried 

E, if six pieces of smaU colonies 2 are formed and each without treating with an anticancer drug, 
other separated, the automatic counting, gives a result 

of six for the colony number. In general, the effect of an Image Processing 

anticancer drug (an inhibition extent for growth) is p^^^ure of the hmnan lung cancer ceU strain cultured 

denved from a percent ratio m the foUowmg equation: 20 ^^h embedding m a collagen gel substrate was, as car- 

ried out before, taken to input into the image processor 
as image signals. An original image inputted was, as 

(^colony number by culturing cancer ^ processed by image processing and 

^ ceUs treated with anticancer drug ) Only the image of cancer cell colonies ^yas extracted 

-T X J00(%) 25 Q^^^ ^jjj^ since tile fibroblasts are not contained, 

r colony number of a control group ^ removing-processing for them is unnecessary). Then, 

(by culturmg cancer cells not 1 l ^ j • x- ^i. • 

treated with anticancer drug) ) the colony number was counted m from the image as 

carried out before and, at the same time, an integrated 

, ^, - ^ , ' £c ^ 4.^ -yr^ value of the three-dimensional volume estimated from 

and, therefore, if an anticancer drug is enective, the 30 , . • j . - j a j j» 

ratio must be less than 100%. However, in the example ^^^^^V ™^Se is determmed A procedure of the 

in FIG. 4, the ratio is 300% [(6/2)Xi00% ]. vo mne deterimnation w^ earned out as fol W 

The reason why such a unreasonable result was ob- , 1. A binary image which is a projected image of colo- 

tained in a case where the growth of cancer cells is rues is defined as an original image, 

measured with the number of colonies is a result of 35 2- Separately, a picture firame capable of representing 

contact of colonies and/or overlapping of colonies. grey level is defined as a storage-image plane. 

Therefore, in the present invention it is preferred to 3. The original image is copied onto the storage- 
measure the growth of cancer cells by determination of image plane by setting the grey level as 1. 
the volume of colonies. In this case, the effect of an 4. A picture element which composes a peripheral 
anticancer drug (an inhibiting extent for growth) is 40 line of the projected image, is removed from the origi- 
derived from a percent ratio m the following equation: nal image. 

5. The projected image, which was reduced with 
removal of the picture elements composmg the periph- 
eral line, is defined as a new origmal image, 

rcolony volume by culturing cancer \ 45 6. This new original image is copied onto the storage- 

cells treated with anticanc er drug J ^ ^^^^^ image plane, to which One grey level is added. 

^ colony volume of a control group ^ 7. The processing of 4. to 6. is reputed until the 

(by culturing cancer cells not projected image disappears. By doing this, a three-di- 

^ treated with anticancer drug) J mensional image of a mountain style is obtained, in 

which a bottom face is a face surrounded with the pe- 

and, therefore, if an anticancer drug is effective, the ripheral line of the first projected image, and which 

ratio must be less than 100%. As seen in FIG, 5 too, ^eeds not to be a real image. 

neighboring colonies (for example, two pieces of colo- g ^ product of the length of a picture element with 
mes) 2 and 2 are ^ch other in contact, the volume of ^ level which is stored in each picture element in 
these colonies is the sanie to a total volume of (ivfo) 55 storage-image plane is defined as the height 
separate colom^. In other words, m the contactmg 9 ^^.^^ ^^^^ ^^^^ ^^^^^ 
case, tiiere is little effect or no effect on a total volume ^ plane is integrated. With this, a volume of the 
of a plural colony. Also, m a case of the overlappmg, 1 • r * • *, 1 • ; ^ 
sincetheoverlappingpaAisverysmaUinvolumeiSier^ three^ensionalimageof amountams^^^ 
is no significant eff^t on the total volmne. Tlierefore, 60 . 10. By assuncang the real body of a colony as symmet- 
an exact measurement of the growth of cells is always surface and reverse side with respect to the 
possible with determination of the colony volume, but it projected unage, a value obtamed by a double of the 
is not always possible with determination of the colony integrated value is assigned as a volume of the colomes. 
number by an automatic counting. Why the above assuming is carried out is due to consid- 
As mentioned above, in measuring the growth of 65 eration of that a form same to the form expanding 
cancer cells with image processing, even if the growth broadwise in a three-dimensional culture will also ex- 
can not be measured witii determination of the colony pand upward and downward, 

number, exact measurement of the growth is possible 1 1. In cases of necessity, the outputting is carried out 
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The number and volume of colonies obtained from 
the above-mentioned image processing as well as the 
measurement results of DNA amounts are summarized 
in Table 3 and FIG. 6. 

TABLES 
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results from the method of counting colony mmiber (Q 
show abnormal values. This indicates that the cells used 
here show high growth and, in particular, m a case 
where the cells are not treated with an anticancer drug 



Colturing period (day) 


1 


3 
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13 


19 


25 


Symbols in FIG. 6 


Number of colonies* 
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287 


347 


343 


256 


124 


69 


45 


39 
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Colony volume* 


14 


44 


67 


82 
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116 


134 
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235 
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Amount of DNA 


1.04 


Z94 




6.03 


7.26 


8.19 


9.77 


13.58 


16.21 
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Otg/well) 




















(Note) * A ntimeral value per 
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un visQsl field. 















As seen with the DNA amounts in the results of 
Table 3 and FIG. 6, the cells proliferate with a culturing 
period of days. Although the colony number counted is 
in consistent with the change in the DNA amount until 
the fifth day of the culturing, a peak of the colony num- 
ber is observed on from the fifth to the sev^th day and, 20 
after these days, a decrease is observed. This uK^cates 
that, as a result of the cell growth, the cell density be- 
comes so high causmg overlapping of cells and, there- 
fore, an exact counting of the colony number is not 
achieved. On the other hand, the colony volume is well 25 
correlated with the change in the DNA amount from an 
initial stage of the culturing until a long period of cul- 
turing. It is thus understood that the volume-measuring 
method is very suitable for measuring the growth of 
cells, in particular, for measuring it for a long period. 30 

Further, the number-counting measurement of colo- 
nies has the following problems. That is, the growth of 
cancer cells differs depending upon an individual 
cell(refer to the cell colonies indicated by the arrow B 
in FIG. 3). Since each of the colonies 21, 22, and, 23 35 
differs in size, the number of cells contain^ differs, but 
according to number-counting of the colonies, each of 
the colonies 21, 22, and 23 is determined as one piece. 
On the other hand, in measuring the volume of colonies 
the colonies 21, 22, and 23 have different volume. 40 

EXAMPLE 2 

In the "Culturing of cancer cells" in the example 1, 
the procedure of example 1 was repeated for culturing 
cancer cells except that a nude mouse-xenografled 45 
human lung cancer was used instead of a nude mouse- 
xenografted human colon cancer,, whereby a sample 
obtained was processed with image processing as car- 
ried out for the example 1 in order to extract only the 
image of colonies. 50 

From the image obtained, the number of colonies was 
counted as carried out for the example 1 and a value by 
integrating the volume of colonies was determined as 
carried out for the experiment 3. 

EXAMPLE FOR COMPARISON 2 

To examine the results from the example 2, by using 
the cells same to those used in the forementioned exam- 
ple 2, an anticancer drug sensitivity test by a nude 
mouse method is carried out in a manner same to said 60 
example for comparison 1 at the same time. 

For the results obtained from the respective exam- 
ples, the percents of control were derived as carried out 
before and shown as the graphs in FIG, 7. 

As seen in FIG, 7, a very good correlation for any 65 
anticancer drug was obtained between the results from 
both the nude mouse method (N) and the method of 
measuring colony volume (V). On the other hand, the 



(a control experiment), the proliferating cells are over- 
lapped as explained above so that the number-counting 
of colonies does not show the exact growth, while the 
volume-measuring of colonies shows the exact growth 
even in a case of this kind. 

That is, in a case of actively proliferating cells or in a 
case where the cell density is heightened during a per- 
iod of culturing, it was proved that the colony-volume 
measurement carried out after proliferation is an effec- 
tive method for measuring the growth. 

Illustration of Photographs of Monitor Television (TV) 
Picture Frames in Reference 

Photographs of monitor TV picture frames (FIGS, 8 
and 9), as explained before, show the results of that the 
images of a sample (a control experiment), with which 
human cancer cells were cultured using a collagen gel 
substrate, were outputted onto a monitor TV at the 
stages of before (FIG, 8) and after (FIG, 9) the image 
processing. The visual scope of images is 1.4 nun in the 
whole width between the right and left. 

In the image of FIG. 8, there appears a condition 
under which the colonies of cancer cells having a 
sphere shape or a block shape and the fibroblasts having 
a bipolar linear shape exist in a mixing condition. The 
number-counting of cancer ceU colonies by a nude eye 
so far used has been carried out under an image condi- 
tion of this FIG. 8. 

In the image of FIG, 9, there appears only the colo- 
nies of cancer cells after removing unnecessary images 
of fibroblasts etc. In the present invention, the colony 
nimiber of cancer cells is counted by the images shown 
in FIG. 9. 

A series of photographs, from FIG. 10 to FIG. 19, as 
explained before, are the photographs of picture frames 
obtained by that a sample (control) is given by culturing 
human lung cancer cells with embedding them by using 
a coUagen gel substrate, culturing conditions of the 
sample varying with the passage of culturing days are 
processed by image processing, and the images thus- 
obtained are outputted onto a monitor TV. The visual 
scope of images is 4 mm in the whole width between the 
right and left 

The photographs firom FIG. 10 to FIG. 19 are the 
images, each of which is obtained in sequence with the 
passage of following culturing days; one day, three 
days, four days, five days, seven days, eleven days, 
thirteen days, nineteen days, and twenty-five days. The 
cancer cell colonies which are shown with a white or 
bluish gray color are gradually varying firom a small 
spot type to a large block type and one another coming 
in contact or overlappmg. The growth is not uniform 
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and differs with an individual cell. In the present inven- 
tion the growth of cancer cells is measured by the col- 
ony number or colony volume, for example, with the, 
images which are shown in anyone of Photographs 
from FIG. 10 to FIG. 19. Beside, as the forementioned, 5 
it is possible to trace the grov^^ with the passage of 
culturing periods of days. 

According to the forementioned anticancer drug 
sensitivity-testing method in the present invention, since 
a collagen gel is used as a substrate for culturing cancer 10 
cells, a variety of cancer cells of such kinds that the 
culturing is impossible in hitherto-known soft agar sub- 
strate and the like can be cultured. 

The effects of fibroblasts etc., which proliferate to- 
gether with cancer cells in a case where the cancer cells 
are cultured in the collagen gel substrate, can be elimi- 
nated by measuring the growth of cancer cells by image 
processmg, so that the testing results are obtained accu- 
rately and quickly. 

In the image processing of the growth of cancer cells, 
the measurement of colony volimie gives more reliable 
results than the counting of the colony nmnber, and 
gives results of the growth for a longer period. 

With the results forementioned, it can be said that a 
sensitivity-testing method useful for development of 
anticancer drugs is provided which, compared with a 
testing method so far used, has much wider applicability 
for many kinds of cancer cells, is much simpler in han- 
dling, and is capable of providing the test results 
promptiy and accurately. 

What is claimed is: 

1. A method for testing the sensitivity of anticancer 
drugs comprising the steps of: 

(a) proliferating cancer cells in a collagen gel sub- 35 
strate after contacting the cells with an anticancer 
drug, wherein fibroblast cells which are contained 

in cancer tissues proliferate together with the can- 
cer cells of step (a), 

(b) proliferating cancer cells for a control in a coUa- 40 
gen gel substrate without contacting with the anti- 
cancer drug, wherein fibroblast cells which are 
contained in cancer tissues proliferate together 
with the cancer cells of step (b), 

(c) obtaining a picture image for the cancer cells of 45 
step (a) and a control picture image for the cancer 
cells of step (b), each picture image comprising first 
images of proliferated cancer cells and colonies 
composed of the proliferated cancer cells, and sec- 
ond images of proliferated fibroblast cells, and 50 

(d) measuring the growth of the cancer cells prolifer- 
ated in said substrates of step (a) and step (b) by: 

(1) inputting both picture images after growtii into 
an image processor, 

(2) selectively extracting the first images, respec- 55 
tively, from said both picture images using the 
image processor, and 

(3) determining the colony count or volume of said 
cancer cells using the image processor and using 
the selectively extracted first images from said 60 
picture image for the cancer cells of step (a) and 
the selectively extracted first picture images 
from said control picture image for the cancer 
cells of step (b) to compare the colony count or 
volume of the cancer cells of step (a) with the 65 
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colony count or volume of the cancer cells of 
step (b). 

2. The method as claimed in claim 1, wherein the step 
of selectively extracting the first images using the image 
processor comprises the steps of: 

(a) digitizing the picture image into picture elements, 

(b) converting into niunerals, the concentrations of 
each picture element of tiie digitized picture image, 

(c) selecting, according to a value of said numerals, 
the objects to be processed, 

(d) processing said objects on the basis of at least one 
of the differences in shape and said value of said 
numerals to remove the second images from said 
digitized picture image. 

3. The method as claimed in claim 2, wherein the 
numerals refer to gray levels of said picture elements. 

4. The method as claimed in claim 3, wherem the 
measurement of the growth of the cancer cells is deter- 
mined by counting the number of said first images. 

5. The method as claimed in claim 3, wherein the 
measurement of the growth of the cancer cells is carried 
out by calculating the total volume of said selectively 
extracted first images using the image processor. 

6. The method as claimed in claim 5, wherein the 
calculation of the total volume of the selectively ex- 
tracted first images using the image processor comprises 
the steps of: 

(a) providing binary images of the selectively ex- 
tracted first images, 

(b) processing said binary images to form the corre- 
sponding three-dimensional images of a mountain 
style of which the bottom face is a face surrounded 
with the peripheral line of each of said binary im- 
ages by: 

(1) providing a storage-image plane to represent a 
gray level, 

(2) copying said binary images onto the storage- 
image plane, the copied binary images having a 
gray level of 1, 

(3) removing the picture elements forming the 
peripheral lines of said binary images from the 
binary images to form reduced binary images, 

(4) providing the reduced binary images of step (3) 
in place of said binary inoiages, 

(5) copying the reduced binary images of step (3) 
over the corresponding copied binary images of 
step (2) on said storage-image plane to form 
stored images, the copied, reduced binary images 
having a gray level of 1, and 

(6) repeating steps (3), (4) and (5) until said reduced 
binary images disappear, so tJiat said stored im- 
ages form said corresponding three-dimensional 
images of a mountain style, and 

(c) calculating the total volume of the selectively 
extracted first images by: 

(1) providing, as a height, the product of the length 
of a picture element with the corresponding gray 
level stored on each picture element on the stor- 
age-image plane, 

(2) integrating the height on each picture element 
to obtain the volume of each three-dimensional 
image of a mountain style, and multiplying the 
volimie by two to obtain the total volume of said 
first images. 

» ♦ * * * 
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ABSTRACT 

We synthesized a novel anticancer agent MS-247 (2-[[A^|l-methyl-2-[5- 
[A'-I4-|^A-^'>s(2-ch!oroethyl) amino] phenyl]] carbamoyl]-! ff-benzimida- 
zoI-2-yl] pyrroM-yl] carbamoyl] ethyldimcthylsulfonium di-z^-toluenesul- 
fonate) that has a netropsin-Jike moiet)' and an alkylating residue in the 
structure. We evaluated antitumor activitj' of MS-247 using a human 
cancer cell line panel coupled with a drug sensitivity database and sub- 
sequently using human cancer xenografts. The average MS-247 concen- 
tration required for 50% growth inhibition against a panel of 39 cell lines 
was 0.71 /£M. The COMPARE analysis revealed that the differential 
growth inhibition pattern of MS-247 significantly correlated with those of 
camptothecin analogues and anthracyclins, indicating that MS-247 and 
the two drug groups might have similar modes of action. MS-247 exhibited 
remarkable antitumor activity against various xenografts. A single i.v. 
injection of MS-247 significantly inhibited the growth of all 17 xenografts 
tested^ which included lung, colon, stomach, breast, and ovarian cancers. 
In many cases, MS-247 was more efficacious than cisplatin, Adriamycin, 
5-fluorouracil, cyclophosphamide, VP-16, and vincristine and was almost 
comparable with paclitaxel and CPT-U; these are the most clinically 
promising drugs at present MS-247 was noticeably more effective than 
paclitaxel (in HCT-15) and CPT-Il (in A549, HBC-4, and SK-OV-3). The 
toxicity of MS-247, indicated by body weight loss, was reversible within 10 
days after administration. The MS-247 mode of action showed DNA 
binding activity at the site where Uoechst 33342 bound, inhibited topoi- 
somerases I and 11 (as expected by the COMPARE analysis) blocked the 
cell cycle at the G2-M phase, and induced apoptosis. These results indicate 
that MS-247 is a promising new anticancer drug candidate to be devel- 
oped further toward clinical trials. 



INTRODUCTION 

DNA minor groove binders are an attractive source of novel anti- 
tumor agents. As a whole, they induce a huge range of mutations from 
simple base sequence clianges to deletions and ploidy changes (re- 
viewed in Ref 1). The recent increased interest in this group of 
compounds stems from their ability to interact in a sequence-selective 
fashion at quite long DNA binding sites, suggesting the possibility of 
targeting specific DNA sequences within the genome (2-6). Several 
DNA minor groove binders proved to have potent antitumor activity 
in preclinical studies and are now under clinical phase studies. They 
include duocarmycin derivatives adozelesin (7-9), carzelesin (10, 11), 
bizelesin (12, 13) and KW-2189 (14), and a distamycin A-derivative 
tallimustine (15), However, their clinical efficacies have not been 
established yet (16-19). 
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We attempted to develop a new DNA minor groove binder that has 
the more promising antitumor activity. We synthesized compounds 
that have two moieties in the structure. One is a netropsin-Iike moiety 
(Fig. 1) to acquire DNA minor groove binding activity, and another is 
an 7V,jV-bis(2-chloroethyl) amino residue for DNA alkylation. Netrop- 
sin is one of the polypyrrolecarboxamides, like distamycin A, and 
binds to DNA minor grooves at the A-T-rich region (20), After 
screening a number of synthetic compounds, we selected MS-247^ 
(Fig, 1). It had shoA\Ti significant cytotoxicity in several murine tumor 
cell lines and strong in vivo antitumor activity against murine tumor 
models in our preliminary study. 

The present study was designed to evaluate the antitumor activity of 
MS-247 against various human cancers in vitro and in vivo and to 
elucidate its mode of action. We report here that MS-247 indicated 
potent antitumor activity against all 17 human xenografts tested, and 
that MS-247 bound to the DNA minor groove, inhibited topoisomer- 
ases 1 and II, blocked the cell cycle at G2-M phase, and induced 
apoptosis. 



MATERIALS AND METHODS 

Chemicals. MS-247 was synthesized in the Life Sciences Laboratory Mit- 
sui Chemicals, Inc. (Chiba, Japan). MS-247 was dissolved in A?;,V-dimethyl- 
formamide (Tokyo Kasei Kogyo, Tokyo, Japan) before use. CPT-U was 
kindly supplied by Yakult Monsha (Tokyo, Japan), Other anticancer drugs and 
chemicals were piu-chased as follows: ADM and 5-FU, Kyowa Hakko Kogyo 
(Tokyo, Japan); cisplatin and VP-16, Nippon Kayaku (Tokyo, Japan); CPM, 
Shionogi Pharmaceuticals (Osaka, Japan); VCR, Eli Lilly Japan (Kobe, Japan); 
paclitaxel camptothecin, calf thymus DNA, RNase A, and propidiiun iodide, 
Sigma (St Louis, MO,); Hoechst 33342, Molecular Probes (Eugene, OR); 
Proteinase K, Boehringer Mannheim (Mannheim, Germany); and 4>X\1AI 
//ad II, Toyobo (Tokyo, Japan). 

Cell Lines. Human breast cancer MDA-MB-23 1 and leukemia HL-60 were 
purchased from American Type Culture Collection (Rockville, MD). Murine 
leukemia LI 2 10, P388. and the following human cancer cell lines (21) were 
generously distributed by the National Cancer Institute (Frederick, MD): lung 
cancer, NCI-H23, NCI-H226, NCI-H522, NCI-H460, DMS273 and DMSl 14; 
colon cancer, HCC-2998, KM-12, HT-29, WiDr, HCT-15, and HCT-116; 
ovarian cancer, OVCAR-3, OVCAR-4, OVCAR-5, OVCAR-8, and SK-OV-3: 
breast cancer, MCF-7; renal cancer, RXF-631 L and ACHN; melanoma, 
LOX-IMVl; and brain tumor, U251, SF-295, SF-539, SF-268, SNB-75. and 
SNB-78. Human stomach cancer, MKN-1, MKN-7, MKN-28, MKN^5, 
MKN-74, and St-4, and human breast cancer BSY-I , HBC-4, and HBC-5 were 
described elsewhere (22, 23), The cells were cultured in RPMI 1 640 supple- 
mented with 5% fetal bovine serum, penicillin (100 units/ml), and streptomy- 
cin (100 mg/ml) at 37*C in humidified air containing 5% CO2. 

A Human Cancer Cell Line Panel and the Database. To evaluate drugs 
for the cell growth inhibition profile, we established a human cancer cell line 



^The abbreviations used are: MS-247, 2-[[Ar-[l-mcthyl-2-t5-f;V-[4-[N,A/-bis(2-chIoro- 
eihyl) amino] phenyl]] caibanioyl]-l//-ben2imida2ol-2-yI] pyrrol-4-yl] carbamoyl] ethyl- 
dimethylsuifonium di-y:>-toluenesuironale; ADM, Adriamycin; 5-FU, 5-fluorouracil; CPM, 
cyclophosphamide; VCR, vincristine; VP-16, ctoposidc; GI50. concentration required few 
50% growth inhibition; PBS(— ), calcium- and magncsium-free PBS. 
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ANTITUMOR ACTIVITY OF MS-247 AGAINST XENOGRAFTS 
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H3C 



SO, 




MS-247 

Fig- 1. Chemical structure of netropsin and MS-247. MS-247 has a netropsin- like 
moiety and an alkylating residue in the structure. 



panel combined with a database. The system as a whole was developed 
according to the method of the National Cancer Institute (24-26), with 
modification. The cell line panel consisted of 38 human cancer cell lines, 
described above, and 1 murine leukemia (P388). With this system, we have 
examined the antiproliferative effect of more than 200 standard compounds, 
including various anticancer drugs, and established a new database, as de- 
scribed below. 

Measurements of Ceil Growth Inhibition and Data Analysis. The de- 
tails of measuring cell growth inhibition are described elsewhere (26, 27). 
Briefly, the cells were plated at proper density in 96-wen plates in RPMl 1640 
with 5% fetal bovine serum and allowed to attach overnight. The cells were 
exposed to drugs for 48 h. Then, the cell growth was determined according to 
the sulforhodamine B assay, described by Skehan et al (28). Data calculations 
were made according to the method described previously (26). Absorbance for 
the control well (Q and the tests well (7) were measured at 525 nm. Moreover, 
at time 0 (addition of drugs), absorbance for the test well {T^ was also 
measured. Using these measurements, cell grovrth inhibition (percentage of 
growth) by each concentration of drug was calculated as: % 
growth - 100 X [(r - T^yiC - To)], when 7" > and % 
growth ^ 100 X [(T- To)//], whcn7'< T"©. By using the computer to process 
% growth values, the 50% growth inhibition parameter (GI50) was determined. 
The Glso was calculated as 100 X [{T - T^yiC - T^)\ = 50. The mean graph, 
which shows the differential growth inhibition of the drug in the cell line panel, 
was drawn based on a calculation using a set of GI50 (24, 25). To analyze the 
correlation between the mean graphs of drug A and drug B, the COMPARE 
computer algorithm was developed according to the method described by Paull 
et al (25). Peason correlation coefficients were calculated using the following 
formula: r - {^{x, - xj(y, - yJ)l{X{x, - xj'l.iy, - yj^^', where x, and 
yj are log GI50 of drug A and drug B, respectively, against each cell line, and 
x„ and >'„ are the mean values of x^ and y-^^ respectively. 

Animals. Female nude mice with BALB/c genetic backgrounds were pur- 
chased from Charles River Japan, Inc. (Kanagawa, Japan). They were main- 
tained under specific pathogen-free conditions and provided with sterile food 
and water fli/ libitum. Seven-week-old mice weighing 16-22 g were used for 
this study. 

Drugs and Administration. Dnig administration was done i.v. We se- 
lected an administration schedule of single shot for MS-247, according to the 
results in animal tumor models."* We first determined the maximum tolerable 
dose of MS-247 in the schedule, which was 30 mg/kg. To evaluate the 



■* Unpublished results. 



antitumor effect, MS-247 was given to tumor-bearing nude mice at doses of 
30, 25, and 21 mg/kg for lung cancer xenografts and at a dose of 25 mg/Tcg for 
other xenografts. The reference drugs chosen were CPT-1 1, pacliiaxel, cispla- 
tin, ADM, 5-FU, CPM, VP- 16, and VCR. Each reference drug was given at the 
maximum tolerable dose in the optimal schedule. 

Antitumor Activity against Xenografts. Six lung cancers (NC1-H23, 
NC1-H226, NCI-H460, A549, DMSl 14, and DMS273), four stomach cancers 
(MKN-1, MKN-7, MKN-74, and St-4), three colon cancers (HCC-2998, HCT- 
1 16, and HCT-15), two breast cancers (HBC-4 and MDA-MB-231), and two 
ovarian cancers (SK-OV-3 and OVCAR-8) were used to evaluate antitumor 
activity of MS-247- Tliey were grown as s.c. tumors in nude mice. Nude mice 
were inoculated s.c. with a 3 X 3 X 3 -mm tumor fragment. When the tumor 
reached 100-300 mm^ in volume, animals were divided randomly into test 
groups consisting of six mice per group (day 0). Drugs were administered from 
day 0 according to the dose schedules indicated. The mice were weighed twice 
each week up to days 24-31 to monitor the toxic effects. The length {L) and 
width (Jf^ of the tumor mass were measured twice a week up to days 24-31, 
and the tumor volume {TV) was calculated as: = (I x W^)(2. Tlic tumor 
volume at day n was expressed as relative tumor volume {RTV), according to 
the following formula: RTV = WJW^, where TV^ is the tumor volume at day 
n, and TVf^ is the tumor volimieat day 0. Tumor regression (770%) on day 14 
was determined by calculating y^Jf^ as: 7/C% = 100 X (mean /? IK of treated 
group)/(mean RTV of control group). Statistical evaluations of RTV were 
performed using the Mann->\1iitney U test. 

Measurement of Fluorescence of DN A-bound Hoechst 33342. In the cell 
free system, 1 /xg of calf thymus DNA and 0.8 /ng of Hoechst 33342 were 
mixed in 0.2 ml of PBS(-) and preincubated for 10 min at room temperature 
in a 96-well plate. Then, MS-247 was added at final concentrations of 0.01-30 
/xg/ml- After another 10-min incubation, the fluorescence derived from the 
Hoechst 33342 bound to DNA was measured with a fluorometer (excitation 
wavelength, 355 nm; and emission wavelength, 460 nm). In the cellular 
system, LI210 cells (4 X 10^ cells in 1 ml of culture medium) were preincu- 
bated with Hoechst 33342 (4 ^tg/ml) at 37°C for 20 min. Then, MS-247 was 
added at final concentrations of 0.01-100 pt&^ml. After another 20-min incu- 
bation, the ceils were washed once with ice-cold PBS(-X resuspended in 
ice-cold PBS(-), and transferred into a 96-well plate. Fluorescence was 
measured as described above. 

Cell Cycle Analysis. Cell cycle analysis was performed using fiow cytom- 
etry, as described previously (29). TTie L12i0 cells were exposed to MS-247 
for 3-48 h. The cells were harvested, washed with ice-cold PBS(-). and fixed 
in 70% ethanol. The cells were washed twice with ice-cold PBS(— ) again, 
treated with RNase (0.25 ^Ag/ml) at 37°C for 1 h, and stained with propidium 
iodide (50 ^tg/ml). The DNA content of the cells was analyzed using an EPICS 
ELITE flow cytometer (Coulter, Hialeah, FL). 

Topoisomcrasc Activity Assays. Topoisomerase I enzyme activity was 
measured by DNA relaxation assay using the Topoisomerase I Drug Screening 
kit (TopoGEN, Columbus, 01^). Briefly, supercoiled DNA (0.25 ptg) was 
suspended in a standard reaction mixture [10 mM Tris-HCl (pH 7.9), I mM 
EDTA. 150 mM NaCi, 0.1% BSA, 0.1 mM spennidine, and 5% glycerol]. 
MS-247 was added to the mixture before the reaction was started by topoi- 
somerase I enzyme addition. After a 30-min incubation at 37**C, the reaction 
was stopped by adding 0.1 volume of 10% SDS. The DNA-bound protein 
(topoisomerase I) was digested by proteinase K (41.7 /ig/ml) at 37**C for 30 
min. The proteinase K was removed by chloroform:isoamylalcohol (24: 1 , v/v) 
treatment. DNA samples were then analyzed by 1% agarose gel electrophore- 
sis. 

DNA Fragmentation Assay. DNA fragmentation was analyzed by agarose 
gel electrophoresis. The HL-60 cells (5 X 10^) were treated with 0.2 or 2 im 
MS-247 or 20 nM camptothecin at 37X for 20 h. The drug-treated cells were 
har\'ested and then suspended in TNE buffer [10 mM Tris-HCl (pH 7.6). 140 
mM NaCl, and 1 mM EDTA]. Subsequently, it was lysed by incubation at 37'*C 
for 30 min in the TNE buffer containing 0.2 mgr'ml of RNase A, 0.2 mg/ml of 
Proteinase K, and 0.83% SDS. DNA extraction was performed as described 
previously (30), and extracted DNA was resuspended in TNE buffer, then 
treated with RNase A (0.2 mg/ml) at 37X for 30 min, after Proteinase K (0.2 
mg/ml) digestion at 37°C for 30 min. The purified DNA was resolved by 
electrophoresis in 2% agarose gels, stained with ethidium bromide, and visu- 
alized under UV light. 
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Fig. 2. Growth inhibition against a panel of 38 human cancer cell 
lines. The mean graph was produced by computer processing of the 
GI50S as described in "Materials and Methods." The log GI50 for each 
cell line is indicated. Columns extending to the right, sensitivity to 
MS-247; columns extending to the left, resistance to MS-247. One 
scale represents one logarithm difference. MG-MID, the mean of log 
GI50 values for 39 cell lines. Delta, the logarithm of difference 
between the MG-MID and the log GI50 of the most sensitive cell line. 
Range, the logarithm of difference between the log GI50 of the most 
resistant cell line and the log GI50 of the most sensitive one. 
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RESULTS previously (24, 25). The patterns in the mean graphs of drugs with 

Growth Inhibition against a Panel of 38 Human Cancer Cell ^^^^^^ "^^des of action resembled one another. 

Lines. We have established a new human cancer cell line panel Using the human cancer cell line panel, we investigated the cell 

coupled v^nth a drug sensitivity database, which is similar to the one growth inhibition profile of MS-247. Fig. 2 shows the mean graph of 

developed by the National Cancer Institute (24-26), This panel con- MS-247 based on the growth inhibition parameter of GI50. MS-247 

sists of 38 human cancer cell lines and murine leukemia P388. Thus showed differential growth inhibition, and it seemed to be more 

far, we have used this panel to evaluate more than 200 standard effective against lung cancer cell lines. The mean log GI50 of MS-247 

agents, most of which are anticancer drugs and various types of was —6.15 (0.71 /lm), which fell in the middle of the range of 

inhibitors. We have also added the growth-inhibitory parameters to presently used anticancer drugs in the panel (Fig. 3). The COMPARE 

the database. We compared standard drugs with each other for the analysis of the mean graph revealed that MS-247 significantly corre- 

mean graph pattern using COMPARE analysis and confirmed that lated with two main groups of anticancer agents (Table 1). The first 

drugs sharing acertain mode of action clustered together, as described was a camptothecin analogue group, including CPT-1 1 , SN-38 (active 
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Fig. 3. Comparison of MS-247 with clinically active anticancer agents for the mean log GI50 against 39 cell lines. The GI50 of each drug to 39 cell lines was determined as described 
m "Materials and Methods." #, mean log GI50 of each drug. 



metabolite of CPT-1 1), and camptothecin. The second was an anthra- 
cyclin group, including epirubicin, ADM, mitoxantrone, KW-2170, 
and daunonibicin. These results indicate that MS-247 may share some 
modes of action with both groups. 

Antitumor Activity of MS-247 against Human Cancer Xe- 
nografts. To evaluate the antitumor activity of MS-247, we devel- 
oped various human cancer xenografts by s.c. injecting 1 7 cell lines of 
the panel into nude mice. We examined the antitumor activity and the 
toxicity of MS-247 using six lung cancer xenografts (Fig. 4). The foiu" 
lung cancer cell Hues, NCI-H23, NCI-H226, NCI-H460, and A549, 
were originally non-small cell lung cancers, and others, DMS273 and 
DMSl 14, were small cell lung cancers. A single i.v. administration of 
MS-247 on day 0 significantly inhibited tumor growth at all of the 
dosages, 30, 25, and 21 mg/kg (Fig. 4, upper panels). There were not 
major differences in the efficacy within a dose range, indicating that 
MS-247 was effective in a rather wide dose range. It is remarkable 
that MS-247 induced tumor regression during a certain period in 
NCI-H23, NCI-H226, DxMS273, and DMSl 14, As for toxicity, the 
body weight of the tumor-bearing mice decreased by day 10 after the 
administration, but it was recovered afterward (Fig. 4, lower panels). 
These results demonstrated the therapeutic efficacy of MS-247 in the 
nude mice bearing lung cancer xenografts. 

Then, we examined MS-247 for activity against 10 other xe- 
nografts including colon, stomach, breast, and ovarian cancers, and 
we compared MS-247 with eight major anticancer drugs, pacli- 
taxel, CPT-11, cisplatin, ADM, 5-FU, CPM, VP-16, and VCR 
(Table 2). A single injection of 25 mg/kg MS-247 showed signif- 
icant antitumor activity against all 17 xenografts tested, MS-247 
was more effective in most xenografts than cisplatin, ADM, 5-FU, 
CPM, VP-16, or VCR, MS-247 was comparable to paclitaxel and 
CPT-1 1, presently the most promising drugs. Noticeably, MS-247 
was more effective than paclitaxel in HCT-15 and than CPT-l 1 in 
A549, HBC-4, and SK-OV-3; therefore, it showed a higher re- 
sponse rate than paclitaxel and CPT-11. 

DNA Binding of MS-247. Hoechst 33342 is a fluorochrome that 
binds to the DNA minor groove and generates specific fluorescence 
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(3 1 , 32), To confirm MS-247 binding to DNA, we observed the effect 
of MS-247 on the fluorescence generated by DNA-bound Hoechst 
33342. In a cell free system, the fluorescence of DNA-bound Hoechst 
33342 was quenched after MS-247 was added in a dose-dependent 
manner (Fig, 5^4). Similar results were obtained when fluorescence 
was measured in the cellular system where MS-247 was exogenously 
added to L1210 cells that had been preincubated with Hoechst 33342 
(Fig, 5B). These results indicated that MS-247 may have displaced the 
DNA-bound Hoechst 33342 on the DNA. 

Inhibition of Topoisomerase I by MS-247. Some of the DNA 
minor groove binders reportedly inhibit topoisomerases (1), In addi- 
tion, the COMPARE analysis of the mean graph of MS-247 suggested 
that the mode of action of MS-247 was similar to camptothecin 
analogues and anthracyclins, which inhibit tq>oisomerases I and II, 
respectively. Therefore, we examined whether MS-247 inhibited to- 
poisomerases (Fig. 6). Topoisomerase I converted supercoiled DNA 
to nicked and relaxed DNA. MS-247 inhibited the process in a 
dose-dependent manner. These results demonstrated that MS-247 had 
topoisomerase I inhibitory activity at concentrations of 50-100 /xg/ 
ml. MS-247 also inhibited topoisomerase II activity at the same 
concentration range (data not shown). 



Table 1 The COMPARE analysis of MS-247 
The mean graph of MS-247 was compared with those of 200 standard compounds 
using the COMPARE analysis. Drugs were ordered according to the correlation coeffi- 
cient. Drugs with correlation cocfiicicnts higher than 0.5 (P < 0.001) were included. 



Ranking order 


Drug 




I 


SN-38 


0.688 


2 


CPT-II 


0.683 


3 


Epirubicin 


0.636 


4 


ADM 


0.602 


5 


Mitoxantrone 


0.596 


6 


KW2I70 


0.588 


7 


Melphalan 


0.579 


8 


DMDC 


0.575 


9 


Camptothecin 


0.557 


10 


Daunorubicin 


0.5! 6 



' Pcason correlation coefficient. 
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Fig, 4. Effect of MS-247 on the tumor growth 
and the body weight change in nude mice bearing 
human lung cancer xenografts. Tumor inoculation 
was carried out as described in "Materials and 
Methods," MS-247 was administered on day 0 at 
doses of 30 (A), 25 (O), 21 (□), and 0 mg/kg 
control). Each curve represents the average of six 
mice. 
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Effects of MS-247 on the Cell Cycle. We investigated the effect 
of MS-247 on cell cycle progression in L1210 cells (Fig. 7). The cells 
were exposed to 10, 30, and 100 ng/ml of MS-247 for 3-48 h. The cell 
population in G2-M phase increased time dependently at each con- 



centration, indicating that MS-247 blocked the cell cycle at the G2-M 
phase. 

Apoptosis Induced by MS-247. We tested the apoptosis-inducing 
ability of MS-247 in HL-'60 cells by DNA fragmentation assay. As 



Table 2 Antitumor activity of MS-247 against human cancer xenografts 
Nude mice were each inoculated s.c. with a 3 X 3 X 3-mm tumor fragment. When tumors reached 100-300 nrni^ in volume, animals were divided randomly into test groups of 
six each (day 0). Drugs were adrninistered from day 0 according to the dose schedules indicated. Tumor regression (7/C %) on day 14 was determined. 
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^ Each drug was administered at MTD in the schedule indicated. 

^ The administration schedules were abbreviated as: qd X 1, a single injection; qd X 5, five daily injections; q4d X 3, 3 injections with a 4^y interval. 
" P < 0.01 by Mann Whitney U test as comjjared with respective control. 
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Fig. 5. Quenching of the fluorescence of DNA-bound Hoechst 33342 
by MS-247. The fluorescence of DNA-bound Hoechst 33342 was meas- 
ured under the following conditions: A, calf thymus DNA was preincu- 
bated with Hoechst 33342 and then incubated with MS-247; 5, LI 2 10 
cells were preincubated with Hoechst 33342 and then incubated with 
MS-247. The fluorescence derived from DNA-bound Hoechst 33342 
decayed when MS-247 was added to the two systems. 
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showTi in Fig. 8, MS-247 at concentrations around IC50 induced a 
DNA ladder in HL-60 cells. These results demonstrated that MS-247 
induced apoptosis. 



DISCUSSION 

MS-247 is a synthetic compound with a netropsin-like moiety and 
an alkylating residue in its structure. We found MS-247 by screening 
about 300 similar compounds, based primarily on the activity of tumor 
cell growth inhibition, and selected MS-247 for extensive e\'aluation 
because of its significant antitumor activity against murine tumors, 
LI 210 and colon 26, and its higher stability.'* 

In the present study, we evaluated the antitumor activity of MS-247 
by an in vitro and in vivo human cancer cell line panel. The mean log 
GI50 of MS-247 was -6.15 (0.71 ixu), which fell in the middle of the 
range of anticancer drugs presently in use. The COMPARE analysis 
indicated that the differential growth inhibition pattern of MS-247 (the 
mean graph) significantly correlated with those of camptothecin an- 
alogues and anthracyclins. suggesting that the modes of action are 
similar. The most remarkable feature of MS-247 was its efficacy 
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Fig. 6. Inhibition of topoisomerase I by MS-247. Supercoiled DNA was mixed with an 
indicated concentration of MS-247 or camptothecin before topoisomerase I was added. 
After a 30-min incubation at 37**C, the reaction mixture was treated as described in 
"Materials and Methods," and the DNA was analyzed by 1% agarose gel electrophoresis. 
MS-247 inhibited the topoisomerase I-induccd DNA relaxation at concentrations of 50 
and 100 /im. Camptothecin was used as a positive control. 



against human xenografts. A single 25 mg/kg injection of MS-247 
showed significant antitumor activity against all 17 xenografts tested, 
which included lung, colon, stomach, breast, and ovarian cancers. In 
comparison with the clinically active drugs, MS-247 was more effec- 
tive than cisplatin, ADM, 5-FU, CPM, VP- 16, and VCR, in most 
cases, and moreover, was almost comparable with paclitaxel and 
CPT-11, the most clinically promising drugs at the present. These 
results demonstrated the broad anticancer spectrum of MS-247. It is 
noticeable that MS-247 was more effective than paclitaxel in HCT-15 
and than CPT-1 1 in A549, HBC-4, and SK-OV-3. On the other hand, 
the toxicity of MS-247, indicated by the body weight loss, was 
reversible within 10 days after the administration. In our preliminary'^ 
study, the dose-limiting toxicity of MS-247 was bone marrow sup- 
pression. Our results suggest that MS-247 is a promising anticancer 
drug candidate for further research and development toward clinical 
investigation. 

We also investigated the mode of action of MS-247. We confinned 
its binding to DNA by the fact that MS-247 displaced DNA-bound 
Hoechst 33342 both in the cell-free system and in the cellular system. 
Hoechst 33342 is a fluorochrome that binds to AT-rich sites in the 
DNA minor groove and covers four bp, AATT (31, 32). Therefore, it 
seems correct to consider MS-247 as a DNA minor groove binder, as 
expected, and that it shares sequence specificity at least with Hoechst 
33342. 

MS-247 proved to have inhibitory activity against topoisomerases 1 
and IL This was reasonable to expect because several DNA minor 
groove binders reportedly inhibit topoisomerases. For example, 
Hoechst 33342, Hoechst 33258, distamycin A, berenil, netropsin, and 
taliimustine inhibited topoisomerase I (33-35), and distamycin A and 
tallimustine inhibited topoisomerase II (34, 36). The inhibitory activ- 
ity against topoisomerase I and II was also expected because the 
results of the COMPARE analysis suggested that the mode of action 
of MS-247 was similar to those of camptothecin analogues (topoi- 
somerase I inhibitors) and anthracyclins (topoisomerase II inhibitors). 
Therefore, topoisomerases I and II are at least the molecular targets of 
MS-247, Moreover, there might be other possible targets, such as 
other enzymes, involved in DNA metabolism and/or transcription 
factors because their activities were inhibited by some DNA minor 
groove binders (34, 37, 38), 

MS-247 blocked the cell cycle at the Gj-M phase and induced 
apoptosis. The G2-M blockage is the common feature of DNA minor 
groove binders (1, 39). However, subsequent induction of apoptosis 
by this type of drug has not been studied, except for apoptosis induced 
by Hoechst 33342 (40, 41). We showed here the induction of apo- 
ptosis by MS-247, which possibly contributes to in vivo efficacy, at 
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Fig. 7. Effect of MS-247 on cell cycle. L12I0 cetU were exposed to 0 (/I), 10 (fi), 30 (C). and 100 ng/ml (D) of MS-247 for 3-48 h. Then, the DNA content of the cells was analyzed 
by a flow cytometer as desctibed in "Materials and Methods." When exposed to MS-247, the cell population in the G^-M phase significantly increased. 
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least in part. Recently, the analysis of the apoptotic cascade induced 
by anticancer drugs has been studied (42). It seems an important next 
step to analyze the mechanism of apoptosis induced by MS-247 and 
to compare MS-247 with other antitumor agents. 

Tallimustine, a derivative of distamycin A, has the closest structural 
relationship to MS-247 of the DNA minor groove binders that were 
developed as anticancer drugs. Although tallimustine was subjected to 
clinical trials, its efficacy has not yet been demonstrated (17, 18). It 
may be important to compare MS-247 and tallimustine in a preclinical 
study. In our preliminary study, the sequence specificity of DNA 
binding between the two is slightly different, suggesting that MS-247 
is different from tallimustine in biological activity. 

We report here our synthesis of a novel DNA minor groove binder, 
MS-247, and have demonstrated its strong antitumor activity against 
several human cancer xenografts. We see that MS-247 binds to DNA, 
inhibits topoisomerases and other possible targets around DNA, 
blocks the cell cycle at G2-M, and induces apoptosis. MS-247 is a 
prornising new anticancer drug for further development toward clin- 
ical investigation. 
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The chemical derivatization of biologically active microbial 
metabolites continues to be a promising approach to the 
identification of new drugs. We recently synthesized the novel 
antiproliferative compound SDZ 281-977, 5-[2-(2,5-dimethoxy- 
phenyl)ethyl]-2-hydroxy-benzoic acid methylester, a derivative 
of the EGF receptor tyrosine kinase inhibitor lavendustin A. 
Here we report on our studies of the anticancer efficacy and the 
mode of action of SDZ 281-977. The growth of both the human 
pancreatic tumor cells MIA PaCa-2 and the human vulvar 
carcinoma cells A43I vras inhibited in the low micromolar 
range. Tumors from these cells were induced in nude mice and 
were shown to respond to orally or intravenously administered 
SDZ 281-977. In contrast, no antitumor effect was detected in 
rats bearing dimethylbenzanthracene-induced mammary tu- 
mors. Studies in mice indicated that SDZ 28 1 -977 was neither 
immunosuppressive nor hematosuppressive at doses effectively 
inhibiting tumor growth. Surprisingly, the mode of action of 
SDZ 281-977 apparently does not involve inhibition of EGF 
receptor tyrosine kinase, because, in contrast to lavendustin A, 
SDZ 281-977 failed to inhibit this enzyme in a cell-free assay. 
The mechanism of the antiproliferative effect can be explained 
on a cellular level by the ability of the compound to arrest cells 
in mitosis. SDZ 28 1 -977 is thus the first example of an antimi- 
totic agent derived from the potent tyrosine kinase inhibitor 
lavendustin A. The therapeutic potential of SDZ 281-977 is 
enhanced by the fact that it is not subject to multidrug 
resistance, because tumor cells expressing the multidrug resis- 
tance phenotype were as sensitfve to SDZ 281-977 as their 
nonresistant counterparts. In conclusion, SDZ 281-977 repre- 
sents a novel lavendustin A derivative with potent antiprolifera- 
tive properties in vitro and in vivo that may be explained on the 
basis of its antimitotic effects. SDZ 28 1 -977 may be a candidate 
drug for the treatment of selected cancers, including those 
expressing the multidrug resistance phenotype. 
® 1996 Wiley-Liss, Inc. 

Tyrosine kinases have been identified as promising targets 
for the development of new anticancer drugs (Bishop, 1987; 
Hunter, 1987; Lyall et al, 1989; Geissler et ai, 1990; Yuan et 
al, 1990; Yoneda et al, 1991; Marx, 1994). Therefore, we 
selected the tyrosine kinase inhibitor lavendustin A, a micro- 
bial secondary metabolite (isolated from Streptomyces griseolav- 
endus) as a lead structure for the development of new 
antiproliferative drugs. Lavendustin A strongly inhibits the 
EGF receptor tyrosine kinase in A431 cell-free extracts by 
binding at the ATP site, but it is inactive in inhibiting EGF 
receptor autophosphorylation in intact A431 cells and inhibit- 
ing cellular proliferation (Onoda et al, 1989). This lack of 
activity in intact cells was attributed to poor cell penetration 
(Onoda e/ai, 1990). 

A series of esterified derivatives of lavendustin A was 
prepared with the idea that such lipophilic lavendustin A 
analogs might be cell-permeable inhibitors of the EGF recep- 
tor tyrosine kinase and, thus, inhibit tumor cell proliferation 
(Nussbaumer et al, \99Aajb). SDZ 281-977 was demonstrated 
to be the most potent antiproliferative agent of this series 
when tested against a large panel of tumor cell lines in vitro 
(Nussbaumer fl/., 1994a). 

In this study, we focused on the antitumor effects in nude 
mouse tumor models and the potential mechanism underlying 
the antiproliferative action of SDZ 281-977. 



MATERIAL AND METHODS 

Material 

Fluorouracil, mitomycin C, colchicine, grovrth factors, tyro- 
sylpeptide and supplements for substrate phosphorylation 
assays were purchased from Sigma (Zurich, Switzerland). IGF 
I was supplied by KabiGen (Stockholm, Sweden). SDZ 281- 
977 was prepared as published (Nussbaumer et al, 1994a). For 
in vitro studies, SDZ 281-977 was dissolved either in DMSO or 
ethanoi containing 10% Tween 80. This stock solution was 
prepared and then diluted into culture medium immediately 
before use. In all cases, at the concentrations used, there was 
no detectable solvent effect. Media and FCS were supplied by 
Flow (Irvine, UK). Cell culture plates were supplied by Falcon 
(Dietikon, Switzerland). 

Cells and animals 

The cell lines were obtained from the ATCC (Rockville, 
MD) and, of these, only cells with low passage numbers 
( < 10-20) were used. They were cultured in the recommended 
media without antibiotics and antifungal agents. The absence 
of Mycoplasma was checked by use of bisbenzimide staining 
and the GenProbe hybridization assay (San Diego, CA). OFj 
female mice weighing 20-25 g and virgin female ,OFA rats 
(130-160 g) were purchased from BRL (Basle, Switzerland). 
Female nude mice {nufnu IFFA C BALB A) weighing 20-23 g 
were purchased from IFFA Credo (Lyon, France). 

Assay of cell proliferation 

Tumor cell lines were grown at 37°C under optimal medium 
and cell concentration conditions in the absence of antibiotics. 
At the time of exponential growth for tumor cell lines growing 
in suspension or at the time of 60-90% confluence for 
adherent ceil lines, cells were harvested (adherent cell lines 
were tiypsinized), suspended in fresh growth medium and 
seeded into 96-weIl cell culture plates at concentrations 
ranging between 1000 and 5000 cells/well. Cells were grown at 
optimal initial concentration for 3-4 days in a final volume of 
0.2 ml/well in the presence of graded concentrations of test 
compounds. Extent of cellular proliferation was measured by a 
colorimetric assay using 3-[4,5-dimethylthiazol-2-yl]-2,5-diphe- 
nyltetrazolium bromide (MTT) (Alley et al, 1988) for cells 
growing in suspension or by sulforhodamine B (SRB) (Skehan 
et al, 1990) for adherent cells. 



^To whom correspondence and reprint requests should be sent, at 
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Abbreviations: BSA, bovine serum albumin; DAPI, 4',6-diamidino-2- 
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Turner models with nude mice 

The animal tumor models have essentially been described 
previously (Weckbecker et al, \992ajb). In these studies we 
used the human cancer cell lines MIA PaCa-2 (undifferenti- 
ated pancreatic tumor), A431 (epidermoid carcinoma of the 
vulva) and MDA-MB-231 (estrogen-independent breast carci- 
noma cells). Female nude mice {nufnu IFFA C BALB A) 
weighing 20-23 g were kept as groups of 5 animals in macrolon 
cages (16 X 22 X 11 cm) placed in ventilated closed cabinets 
(IFFA Credo) at 24 ± TC. The animals had free access to 
drinking water and a pathogen-free rodent diet (Diet A, Kliba, 
Basle). The tumors were initiated from cultured tumor cell 
lines by injecting ca, 10'' cells subcutaneously into nude mice. 
Once the tumors had reached approximately 1 cm in diameter, 
they were excised, cut into small pieces of approximately 4x3 
mm and transplanted subcutaneously into both flanks of nude 
mice. All operations were done on chloral hydrate-anesthe- 
tized animals (470^-520 mg/kg/5 ml i.p. chloral hydrate). 

The passage number of the tumors used in the experiments 
was between 10 and 16. One and 2 weeks subsequent to 
transplantation, the size of the tumors was determined by use 
of a caliper. For calculation of the tumor volume, the equation 
"volume (ellipsoid) = length x depth x height x 0.52" was 
applied. Animals with growing tumors were randomized into 
control and treatment groups with identical mean tumor 
burden per mouse. For i.v. studies, SDZ 281-977 (10 mg) was 
dissolved in 1 ml Vepesid solvent (3250 mg PEG 300, 10 mg 
citric acid, 400 mg Tween 80 and 1205 mg ethanol). This 
solution was diluted with saline or Vepesid solvent /saline 1:10 
so that all animals intravenously received 0.2 ml of 1:10 
Vepesid solvent containing 1, 3 and 10 mg SDZ 281-977/kg. 
Higher doses were not given due to limited solubility. The 
compound was injected into the tail vein 3 or 4 times a week. 
For oral testing, the compound was dissolved in Placebo G 
(18% ethanol, 43% Labrafil M2125CS and 39% corn oil) and 
0.2 ml was given orally with a gavage. Control animals were 
treated with the vehicle only. For the comparative experi- 
ments, standard anticancer drugs were dissolved in saline 
containing 1% Tween 80 and water, respectively, and were 
injected i.p. once a day for 4 days in a row (Nielsen et al., 1992). 
Treatment started 2 days after animals had been randomized. 

At weekly intervals, the animals were weighed and the 
tumor volumes were determined as described above and 
expressed as mean tumor volume per animal (nun^). Data 
were evaluated with the statistics program of RS/1 (BBN 
Software Products, Cambridge, MA), and tests including 
Student's /-test and the Mann-Whitney i/-test were applied. 

DMBA-induced mammary carcinomas in rats 

Virgin female OFA rats (130-160 g) were kept in groups of 4 
or 5 animals per cage (macrolon, 54 x 32 x 19 cm) (Weck- 
becker et al, 1992Z)). Hie rats had free access to water and a 
standard rodent diet (NAFAG cubes). To induce mammary 
tumors, animals were given a single dose of 20 mg DMBA 
(Fiuka, Buchs, Switzerland) p.o. as a finely dispersed suspen- 
sion in 4 ml sesame oil /water (1:1). Approximately 8 weeks 
following DMBA administration {ca, 1 week before tumors 
became palpable), animals were randomized to control and 
treatment groups. 

Primary antibody response to sheep erythrocytes 

Groups of 2 month old OFl female mice were immunized on 
day 0 i.v. with 10^ SRBC suspended in 0.2 ml isotonic saline 
and treated with drug on 4 consecutive days (0-3). Spleen cell 
suspensions were prepared on day 4 after immunization, and 
the SRBC-specific plaque forming cells were counted using the 
haemolytic plaque assay (Jeme et aL, 1974). 



Hematological effects 

When SDZ 281-977, mitomycin-C and 5-fluorouracil were 
compared for their antitumor activity in the A431 tumor 
mouse model, the potential hematological side effects of these 
drugs were also analyzed. Groups of 5 mice were treated 
intravenously for 4 consecutive days post A431 tumor- 
transplantation with: (1) vehicle, (2) 5-fiuorouracil (25 mg/kg),. 
(3) mitomycin-C (1.5 mg/kg) or (4) SDZ 281-977 (10 mg/kg), 
and observed for 3 weeks for tumor growth. Following the last 
observation, mice were treated for 2 more days with the same 
drug doses used at the beginning of the experiments. After a 
further 2 day rest, mice were anesthetized with forene and 
then bled by retroorbital puncture. The numbers of leukocytes 
(millions/ ml), platelets (millions/ml) and erythrocytes (billions/ 
ml) were assessed by differential counting using a Technicon 
HI Analyzer. Immediately after being bled, mice were killed 
by cervical dislocation while under anesthesia. The femurs 
were dissected and their contents of bone marrow cells were 
isolated by flushing the bone diaphyses with 1 ml of RPMI 1640 
containing 50 lU of heparin. Bone marrow nucleated cells 
were stained for viability with ethidium bromide and acridine 
orange and counted by standard fluorescence microscopy. Two 
to 4 hemocytometer fields, for a total of 100-300 ceils/field, 
were counted for each individual preparation. Cell numbers 
are expressed as millions/femur. 

EGF receptor tyrosine kinase assay 

The assay mixture (30 ixl total) contained 0.3 p-M mouse 
EGF, solubilized EGF receptors from A431 human vulva 
carcinomas, 5 v^M ATP, ca, 10^ cpm 32p-ATP, 12 mM MgCb, 2 
mM MnCl2, 0.1 mM Na-orthovanadate, 0.02 mM p-nitro- 
phenylphosphate, 0.3 mM tyrosylpeptide substrate (Arg-Arg- 
Leu-IIe-Glu-Asp-Ala-Glu-Tyr-Ala-Ala-Axg-GIy) and graded 
concentrations of the test compounds dissolved at 100 mM in 
ethanol/Tween 80 (9:1) and appropriately diluted in assay 
buffer (=0.1% Triton X-100, 10% glycerin, 150 mM NaCl, 50 
mM Hepes, pH 7.6). The kinase was activated on ice by a 20 
min preincubation with EGF prior to the addition of substrates 
to start the phosphorylation of the tyrosylpeptide (8 min). 
Following termination of the reaction by incubation with TCA 
(10%) and BSA (1%) for 30 min on ice, the protein was 
pelleted by centrifugation, and the phosphorylated peptide in 
the supernatant was adsorbed to P81 paper (2x2 cm) 
(Whatman, Zurich, Switzeriand). This paper was thoroughly 
washed (3 times) in 75 mM phosphoric acid containing 10 mM 
Na-pyrophosphate, followed by a final wash using acetone. 
Adsorbed radioactivity was quantified in Cerenkov mode using 
a Tri-Carb 2000CA analyzer (Canberra-Packard, Zurich, Swit- 
zerland). 

Measurement of mitotic indices 

Cells were seeded into 8-well Lab-Tek plastic chamber 
slides (Permanox, Nunc, Vienna, Austria) at a final density of 
24,000 cells/0.4 ml/well. After 24 hr, the medium was replaced 
with fresh medium containing graded concentrations of the 
test compound. After various incubation times, the medium 
was removed from each slide chamber, and 90% acetone was 
added for 5 min at room temperature to fix the cells. DNA was 
stained with DAPI in PBS (0.5 jig/ml for 1 hr at room 
temperature). Fluorescence microscopy was performed with a 
Zeiss IM microscope equipped with epifiuorescence optics. 
Cells arrested in metaphase were scored for each sample and 
the mitotic index (100% x. number of mitotic cells/number of 
total cells) determined. At least 300 cells were counted at each 
drug concentration tested. 

Immunofluorescence microscopy 

For immunofluorescence studies, cells were seeded and 
treated with SDZ 281-977 as for the measurement of mitotic 
indices. However, the cells were fuced as in Jordan et al (1992). 



LAVENDUSTIN A ANALOG WITH ANTICANCER ACTIVITY 



Briefly the cells were fixed in PBS containing 10% formalin 
and 2 mM EGTA for 10 min. This solution was replaced by 
cold 99.6% methanol, 2 mM EGTA and incubated at -20°C 
for 10 min. Three 5-min washes in PBS were followed by a 
blocking step in 20% normal goat serum (15 min). This was 
followed by a 1 hr incubation with a 1:1 mbcture of mouse 
monoclonal anti-a- and anti-P-tubuIin antibodies (Amersham 
N-356 and N-357, Zurich, Switzerland) each at 1:2000 dilution. 
After three 5 min rinses in PBS, the cells were incubated for 1 
hr with rhodamine-conjugated goat anti-mouse IgG (Accurate 
Chemicals, Vienna, Austria) used at 1:100 dilution. After 3 
rinses with PBS, the cells were stained with DAPI (0.1 ftg/ml, 
6 min), followed by 3 more rinses and mounting on a glass 
coverslip with Bacto FA mounting fluid (Difco, Vienna, 
Austria). All dilutions and rinses were in PBS containing 1% 
BSA, and all steps were performed at room temperature 
unless stated otherwise. Photomicrographs were taken with a 
Zeiss Axiovert 10 microscope equipped with epifluorescence 
optics and a 63x objective. Kodak TMAX film was used. 



RESULTS 
Anticancer effects ofSDZ 281-977 

We investigated the anticancer profile of SDZ 281-977 in 
nude mice bearing the human tumor cell lines A431 (vulvar 
carcinoma cells), MIA PaCa-2 (pancreatic tumor cells) and 
MDA-MB-231 (breast carcinoma cells). These cell lines were 
selected because of their in vitro sensitivity for SDZ 281-977. 
The ICso values for inhibition of in vitro growth of A431, MIA 
PaCa-2 and MDA-MB-231 cells were 0.21 ixM, 0.29 jxM and 
0.43 p,M, respectively (data not shown). 

Nude mice bearing A431 human vulvar carcinomas received 
intravenous injections of SDZ 281-977 (1-10 mg/kg) for 4 
weeks. This treatment resulted in a dose-dependent inhibition 
of tumor growth (Fig. la). Orally administered SDZ 281-977 
(30 mg/kg) induced a 54% inhibition of A431 tumor growth 
after 3 weeks of treatment (Fig. 1^?), The above regimens were 
well tolerated. No significant change in body weight occurred 
during treatment. 

Repeated intravenous injection of SDZ 281-977 (10 mg/kg) 
potently inhibited the growth of human pancreatic tumors 
(MIA PaCa-2) in nude mice (Fig. 2a). Moreover, a 4 week oral 
treatment with SDZ 281-977 (30 mg/kg) also resulted in a 
significant, 53%, inhibition of MIA PaCa-2 tumor growth (Fig 
2b). No overt drug-related toxicity was seen. 

The antitumor effect of SDZ 281-977 was compared with the 
action of 5-euorouracil and mitomycin C, which were adminis- 
tered at doses identical or close to the maximum tolerated dose 
for nude mice (Inaba, 1989; Nielsen et aL, 1992). A comparable 
degree of tumor growth inhibition was achieved with SDZ 
281-977 and mitomycin C when these compounds were given 
i.v. to A431 tumor-bearing nude mice 4 times in the 1st week 
(Fig. 3). Effects of these drugs on the hematological param- 
eters of these nude mice are reported below. 5-FluorouraciI 
and mitomycin C were also shown to exert significant tumor 
^wth-mhibitory effects on MIA PaCa-2 pancreatic tumors. 
Tiie degree of inhibition was comparable to that of SDZ 
281-977 m separate experiments (data not shown). 

In the MDA-MB-231 xenograft model, the compound 
showed significant activity (complete inhibition of tumor 
growth) only in the 1st week of treatment, with quick recovery 
of tumor growth thereafter despite continued treatment (10 
mg/kg given i.v. 4 times a week during weeks 1, 3 and 5; data 
not shown). The compound was further evaluated in OFA rats 
bearing DMBA-induced mammary tumors. When DMBA- 
Y-tn^^^n^^^ ^^^i^^^ intraperitoneal injections of SDZ 281-977 
(30 mg/kg, thnce per week for 10 weeks), tumor growth, tumor 
multiplicity and weight gain were not different between control 
animals and rats treated with SDZ 281-977 (data not shown). 
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These data show that SDZ 281-977, applied via the intrave- 
nous or the oral route, exerts potent anticancer effects in some 
but not all animal cancer models examined. 

Hematopoiesis and humoral immune response in vivo 

In the experiment comparing the anticancer activity of SDZ 
281-977, 5-fiuorouracil and mitomycin C (Fig. 3), we also 
characterized a potential myelo- or leukosuppressive effect of 
these drugs. At doses that produce clear anticancer effects, 
SDZ 281-977 treatment did not significantly affect peripheral 
blood cell count (leukocytes, platelets and erythrocytes) and 
bone-marrow nucleated cell numbers (data not shown). On the 
other hand, the antimetabolite 5-fluorouracil and the alkylat- 
ing drug mitomycin C induced significant hematological 
changes. 5-Fluorouracil strongly reduced the blood leukocyte 
counts (29% of control) and moderately decreased the bone- 
marrow counts (69% of control) while not affecting blood 
erythrocyte or platelet numbers. Mitomycin C strongly re- 
duced the blood leukocyte count (46% of control) without 
affecting bone-marrow cell, erythrocyte or platelet numbers. 

Potential immunologic side effects of SDZ 281-977 were 
studied using the primary anti-sheep erythrocyte antibody 
model in OFl mice. SDZ 281-977, at therapeutic doses, was 
devoid of immunosuppressive activity and had no leukotoxic 
effect on mouse spleen (Table I). This further confirms its lack 
of hematological side effects in vivo in this dose range. 

Studies on the mechanism of the antiproliferative effect of SDZ 
281''977 

Since lavendustin A is a potent tyrosine kinase inhibitor, it 
was of interest to establish whether SDZ 281-977 had retained 
this inhibitory activity. The EGF receptor tyrosine kinase- 
catalyzed phosphorylation of a tyrosine-containing peptide 
substrate was measured in the presence of SDZ 281-977 and 
the standard inhibitor lavendustin A. Enzyme activity was 
determined using a membrane preparation from A431 tumor 
cells. Whereas lavendustin A potently suppressed EGF recep- 
tor tyrosine kinase activity in a concentration-dependent 
manner, SDZ 281-977 was inactive (Fig, 4), 

A clue to the mechanism of action was the accumulation of 
rounded cells in cultures treated with SDZ 281-977, suggesting 
a block in the cell cycle in mitosis. This was confirmed via DNA 
staining with the fluorescent dye DAPI to determine mitotic 
indices. An excellent correlation between inhibition of cell 
growth and accumulation of cells in mitosis was seen for SDZ 
281-977 in A431 tumor cells (Fig. 5). Immunofluorescence 
studies demonstrated that SDZ 281-977 disrupted the mitotic 
spindle apparatus at concentrations where cells were blocked 
in mitosis (Winiski and Meingassner, 1994; Fig. 6). Untreated 
cells (Fig. 6a) exhibited well-defined mitotic spindles with the 
chromosomes lined up neatly between the spindle poles at the 
metaphase plate (Fig, 6b), Mitotic spindles in cells treated with 
SDZ 281-977 (Fig, 6c) were obviously perturbed. The spindle 
poles were less defined with fewer interpolar microtubules. 
The interpolar distance was also clearly shorter than in 
untreated mitotic spindles. The aberrant chromosomal distri- 
bution in treated cells was also quite apparent, with many 
chromosomes located at 1 or both spindle poles (Fig. 6d), The 
effects of SDZ 281-977 on the spindle apparatus were seen 
within 2 hr after drug addition, indicating that SDZ 281-977 
quickly penetrated into cells to affect those cells just entering 
mitosis. The number of cells exhibiting abnormal mitosis 
increased with drug incubation time, as expected for a cell-cycle- 
related effect. The magnitude of the effects was concentration - 
dependent, as reported for other antimitotic agents (Jordan et 
al, 1992): at higher concentrations the spindle apparatus was 
progressively fragmented into small aggregates. Another char- 
acteristic of antimitotic agents is their ability to induce the 
formation of micronuclei resulting from abortive mitoses 
(Rieder and Palazzo, 1992). SDZ 281-977 also exhibited this 
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Figure 3 - Inhibition of A431 tumor growth in nude mice treated with SDZ 281-977 or standard anticancer drugs. 5-FIuorouracil (25 
mg/kg), mitomycin C (L5 mg/kg) or SDZ 281-977 (10 mg/kg) were administered i.v. 4 days in a row in week 1. Pomts, mean of 10 tumors 
in 5 animals/group; bars, SE. *p < 0.05; **p < O.OL 



TABLE I - EFFECTS OF SDZ 281-977 ON THE PRIMARY ANTl-SRBC 
HUMORAL RESPONSE IN OF, MICE* 



Treatment 


Dose 


Cells/spleen 


Anti-SRBC PFC 


(mg/kg) 


(lOS) 


(lO^/spleen) 


Vehicle 


i.v. 


231 ±54 


286 ± 66 


SDZ 281-977 


10 i.v. 


251 ± 95 


286 ± 126 


SDZ 281-977 


30 i.v. 


218 ± 38 


237 ± 110 


cyclosporin A 


75 p.o- 


228 ± 57 


47 ±24 



^Female OFl mice were inoculated i.v. with SRBC. Mice were 
treated with drug for 4 consecutive days and the SRBC-specific 
PFC were counted. 



phenomenon: large numbers of cells containing micronuclei 
were observed after 1 day of incubation. 

Ejfects on MDR cells 

The growth-inhibitory action of SDZ 281-977 was investi- 
gated in 2 pairs of MDR cell lines (L1210 vs. L1210-MDR and 
K562 vs. K562-MDR). The MDR-negative cell lines (L1210 
and K562) were as susceptible to SDZ 281-977 as their MDR 
counterparts (Table II). As expected, the antiproliferative 
action of colchicine was greater in non-MDR cells as com- 
pared to its effects on the resistant variants (17-fold with L1210 
and 11-fold with K562). Thus, the antiproliferative activity of 
SDZ 281-977 is not reduced in cells expressing the MDR 
phenotype. 

DISCUSSION 

We have established the oncopharmacological profile of the 
novel antiproliferative agent SDZ 281-977. Tliis compound is a 



modified, lipophilic analog of the tyrosine kinase inhibitor 
lavendustin A that is inactive in whole cells, probably due to 
poor cellular uptake (Onoda et al, 1989, 1990). The antiprolif- 
erative effects previously seen with SDZ 281-977 in vitro 
(Nussbaumer et al, 1994a) have now been confirmed in nude 
mice bearing human tumors. Intravenously injected SDZ 
281-977 was more potent at exerting antiproliferative effects 
than orally given drug. However, mere existence of oral 
efficiency represents a major advantage over most commonly 
used anticancer agents that require parenteral use. In both the 
pancreatic (MIA PaCa-2) and the epidermoid (A431) carci- 
noma models, SDZ 281-977 appears to exert a cytostatic effect, 
because treated tumors exhibit a decrease in growth rate but 
not shrinkage. 

In comparative in vivo studies, using intravenous administra- 
tion in the A431 model, we found the anticancer action of the 
standard drugs 5-fluorouracil and mitomycin C to be in a range 
similar to that of SDZ 281-977 (Fig. 3). These standard agents, 
however, are known to exert severe toxic effects; in particular, 
they interfere with bone-marrow function and maturation of 
blood cells. It was thus of interest to study the potential side 
effects of SDZ 281-977 at therapeutic doses. 

We have found that, under conditions where mice treated 
with 5-fluorouracil and mitomycin C exhibit clear hematologi- 
cal alterations, anticancer treatment with efficacious doses of 
SDZ 281-977 was not associated with such side effects. 
Moreover, at doses that are effective in retarding tumor growth 
in mice, SDZ 281-977 was totally ineffective in inhibitmg the 
primary anti-SRBC response or decreasing spleen cellularity 
in mice (Table I). Apart from the apparent lack of untoward 
effects on the immune and hematopoietic systems, J>uz- 
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foi;?Z ."^f ^^^^^^t^d by nude mice, as indicated by the 
tact that the body weight of the animals was not significantly 
affected by treatment with therapeutic drug doses. -Rie potent 
^si o'tT'' ^^""^^ combined with good tolerability make SDZ 
/»i-y// an interesting new anticancer agent that warrants 
further oncopharmacoiogical studies. 



The interest in this compound is further based on its very 
distinct antiproliferative profile, in that it exhibits a high 
degree of selectivity for certain cell and tumor types Cells that 
are not growth inhibited by SDZ 281-977 in vitro and in vivo 
include normal cells such as hematopoietic progenitor cells 
and certain cancer cells. Our preliminary studies demon- 
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Figure 6 - Microtubule and chromosomal distribution in A431 cells incubated with or without SDZ 281-977 for 8 hr. (a, b) No drug 
added; (c, d) 0.5 jtM. (a, c) Antitubulin immunofluorescence; (b d) DAPI stain of chromosomes. Bar = 10 \im. 



strated that DMBA-induced mammary carcinomas fail to 
respond to this agent and that MDA-MB 231 breast xenografts 
were only weakly and transiently inhibited. Understanding the 
mode of action of SDZ 281-977 is important, because this may 
explain the observed in vitro and in vivo selectivities. The 
different sensitivities of various cells is apparently unrelated to 
P-glycoprotein mediated mechanisms of resistance. SDZ 281- 
977 inhibited the proliferation of MDR tumor cell lines and 
their sensitive parental counterparts with the same potency 



(Table II). Therefore, SDZ 281-977 may be a promismg drug 
for the treatment of MDR tumors. Multidrug resistance due to 
tumoral expression of the multidrug transporter P-glycoprotem is 
an important mechanism responsible for treatment failure in 
various types of cancer (Gottesmann and Pastan, 1988; Lum etaL, 
1993). The efficacy of SDZ 281-977 in MDR tumor cells impbes 
that this compound is not a substrate for P-glycoprotein. At the 
clinical level, the challenge wiU be to identify those types of cancer 
that respond to treatment with SDZ 281-977. 
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TABLE U - ANTIPROLIFERATIVE EFFECTS OF COLCHICINE AND SDZ 
281-977 ON MDR+ TUMOR CELL LINES' 



Tumor, cell 




IC5o(nM) 


Colchicine 


SDZ 281-977 


L1210 


14.7 ±11.0 


415.0 ± 7.1 


L1210-MDR 


252.5 ± 53.0 


232.5 ± 24.8 


K562 


14.1 ± 4.1 


2115 ± 31.8 


K562-MDR 


152.5 ± 31.8 


215.0 ± 49.5 



^Results represent means ± standard deviation of 2 indepen- 
dent experiments run in triplicate. 



We have started to investigate the mechanism of action of 
SDZ 281-977. SDZ 281-977 is derived from a compound, 
lavendustin A, that potently inhibits the activity of the isolated 
EGF receptor tyrosine kinase. Thus, the growth inhibitory 
action of SDZ 281-977 was expected to be based on the 
inhibition of tyrosine kinases, in particular the EGF receptor 
tyrosine kinase. In contrast to lavendustin A, SDZ 281-977 
failed to inhibit the activity of the EGF receptor tyrosine 
kinase when studied in a cell-free assay system (Fig. 4). While 
the possibility that SDZ 281-977 interferes with other (tyro- 
sine) kinases cannot be excluded, the antimitotic effect of this 
compound strongly suggests that either tubulin or microtubule- 
associated proteins are the molecular target (Fig. 6), An 



examination of the effects on tubulin polymerization in vitro 
should address this issue. In any case, SDZ 281-977 is the first 
example of an antimitotic agent derived from the potent 
tyrosine kinase inhibitor lavendustin A. 

In conclusion, SDZ 281-977 is a novel chemical entity 
endowed with selective antiproliferative activity against cer- 
tain tumor cells. The mechanism of the antiproliferative effect 
can be explained on a cellular level by the ability of SDZ 
281-977 to induce mitotic arrest. Orally and intravenously 
administered SDZ 281-977 exerts antiproliferative effects in 
vivo in 2 human tumor models. Importantly, SDZ 281-977 is 
active in cells exhibiting the multidrug resistance phenotype. 
In contrast to classical anticancer drugs, it does not suppress 
hematopoiesis, and it is not immunosuppressive at concentra- 
tions that interfere with tumor cell growth. These characteris- 
tics indicate that SDZ 281-977 may be an innovative anticancer 
drug. 
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ABSTRACT 

A new cJass of recently discovered antineoplastic agents, the pyridyl 
cyanoguanidincs, exert a potent antitumor activity in rodents after oral 
administration. Optimization in vitro and in vivo has resulted in the 
selection of the lead candidate CHS 828 0V-(6-chiorophenoxyhexyl)-V- 
cyano-/V-4-pyridyIguanidine). CHS 828 was found to exert potent cyto- 
toxic effects in human breast and lung cancer cell lines, with lesser effects 
on normal fibroblasts and endothelial cells. In a study using a panel of cell 
lines with different resistance patterns, the effects of CHS 828 showed a 
low correlation with the activity patterns of known anticancer agents, and 
no sensitivity to known mechanisms of multidrug resistance was observed. 
In nude mice bearing human tumor xenografts, CHS 828, at doses from 20 
to 50 mg^g/day p.o., inhibited the growth of MCF-7 breast cancer tumors 
and caused regression of NYH small cell lung cancer tumors. Oral ad- 
ministration of CHS 828 once weekly improved efficacy without increas- 
ing toxicit>'. CHS 828 was found to compare favorably with established 
chemotherapeutic agents such as cyclophosphamide, etoposide, metho- 
trexate, and paclitaxel. In mice with NYH tumors, long-term survival (>6 
months) was obser\'ed after treatment with CHS 828 was stopped. In 
conclusion, CHS 828 is an effective new antitumor agent, with a poten- 
tially new mechanism of action. CHS 828 is presently being tested in Phase 
I clinical trials in collaboration with the European Organization for 
Research and Treatment of Cancer. 

INTRODUCTION 

Chemotherapy is the mainstay of therapy for a large number of 
malignant tumors, especially in the metastatic setting. Although for 
certain tumor types this modality of treatment has been shown to 
produce impressive results including cures, the majority of human 
solid tumors is considerably less responsive. Today more than 50 
established cytotoxic drugs are available for treatment of human 
malignant tumors in the Western world. The majority of these drugs 
act directly or indirectly on the DNA by inhibiting its synthesis, or 
they can also act at the level of microtubuli by interfering with 
mitosis, cell motility, or intracellular transport They are mostly de- 
rived fi-om natural products, they have to be parenterally administered, 
and they easily induce MDR^ in the clinical setting. 

In the search for new low molecular weight synthetic inhibitors of 
tumor cell growth, we unexpectedly discovered that a number of 
pyridyl cyanoguanidincs showed antitumor activity after oral admin- 
istration in a routine screening program in rats (1). Some pyridyl 
cyanoguanidincs are known as potassium channel openers. Among 
these, pinacidii (iV-l,2,2-trimethylpropyl-7V'-cyano-A^'-4-pyridylgua- 
nidine) is a structural prototype with potent antihypertensive activity 
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(2). Replacement of the side chain of pinacidii by longer ary I -con- 
taining side chains gave rise to compounds with increasing antitumor 
activity but without hypotensive activity. Monosubstitution in the 
terminal phenoxy group with a chloro group and optimization of the 
side chain length with regard to antitumor activity resulted in the 
selection of a drug candidate, CHS 828 {^-(6-chlorophenoxyhexyl)- 
A^'-cyano-iVM-pyridylguanidine; Ref 1). 

The data presented here comprise in vitro and in vivo studies with 
CHS 828. Cytotoxic activity and inhibition of cell proliferation were 
studied in vitro, using established cancer cell lines, cell lines resistant 
to knowTi antineoplastic agents, and normal cells. 

In vivOy CHS 828 was investigated in nude mice with various 
human tumor cell xenografts and in rats with transplanted tumors in a 
series of studies focusing on dose-response and schedule-dependent 
effects of CHS 828, on its antitumor activity in established tumors, 
and on comparison with reference chemotherapeutic agents. 



MATERIALS AND METHODS 
Compounds 

Jn Vitro Experiments. For DNA synthesis and cytotoxicity experiments, 
CHS 828 (Department of Chemical Research, Leo Pharmaceutical Products), 
daunorubicin and pachtaxel (both from Sigma Chemical Co., St. Louis, MO) 
were dissolved at 10 mM in DMSO and stored at -20°C. Dilutions were made 
with DMSO. 

In the activity profile study, fluorescein diacetate (Sigma Chemical Co.) was 
dissolved in DMSO and stored at -20X as a stock solution protected from 
light. Reference drugs were obtained from commercial sources and were 
dissolved according to the guidelines from the manufacturers. The Pgp-blocker 
SDZ PSC 833 was obtained from Novartis, Stockholm, Sweden, MIBG from 
Sigma Chemical Co., and MGBG from the Drug Synthesis and Chemistry 
Branch, National Cancer Institute (Bethesda, MI>). 

In Vivo Experiments. CHS 828 was formulated as a suspension in 2% 
carboxymethyl cellulose in 0.9% NaCI solution. Cyclophosphamide (Send- 
oxan, Asia Medica, Frankfurt am Main, Germany) was dissolved in distilled 
water, Etoposide (Vepesid, Bristol-Myers Squibb, Syracuse, NY) and pacli- 
taxel (Taxol, Bristol-Myers Squibb) were dissolved in 0.9% NaCl solution. 

Cells. The human cancer cell lines used for the studies of DNA synthesis 
and cytotoxicity included NYH SCLC cells (Rjgshospitalet, Copenhagen, 
Denmaric) and MCF-7 breast cancer cells (ATCC, Rockville, MD). MRC-5 
fetal lung fibroblasts (European Collection of Cell Cultures^ Salisbury. United 
Kingdom) and HUVEC cells (ATCC) were used as normal human reference 
cells. 

NYH cells were grown as partly floating cultures. Floating and loosely 
adherent cells were passaged once a week in RPMI 1640 with the addition of 
10% FCS, 2 mM glutamine, 100 JU/ml penicillin, and 100 /i-g/ml streptomycin. 
Fresh growth medium was added every 2nd or 3rd day. 

MCF-7 cells were cultured as monolayer cultures. Monolayers were pas- 
saged once a week in DMEM deprived of phenol red and supplemented with 
5% FCS, 2 mM glutamine. 100 lU/ml penicillin, and 100 /xg/ml streptomycin. 
The growth medium was changed every 2nd or 3rd day. 

MRC-5 cells were cultured as monolayer cultures. Monolayers were pas- 
saged once a week in DMEM with 10% FCS, 2 mM glutamine, 100 lU/ml 
penicillin, and 100 ^g/ml streptomycin. The growth medium was changed 
every 2nd or 3rd day. 

HUVEC cells were cultured as monolayer cultures. Monolayers were pas- 
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saged once a week in M199 medium supplemented wiih 10% FCS, 0.1 mg,'ml 
heparin, 30 fig/m] endothelial cell growth supplement, 2 mM glutamine, 100 
lU/ml penicillin, and 100 /xg/ml streptomycin. The growth medium was 
changed every 2nd or 3rd day. 

For the activity profile studies, a hiunan tumor cell line panel consisting of 
four sensitive parental cell lines, five drug resistant sublines, representing 
different mechanisms of resistance, and one cell line with primary resistance 
was used (3). The cell lines included the myeloma cell line RPMI 8226/S and 
its sublines 8226/Dox40 and 8226/LR-5 (W. S. Dalton, University of Arizona, 
Tucson, AZ), the lymphoma cell lines U-937 GTB and U-937-Vcr (4, 5), the 
SCLC cell line NCr-H69 and its subline H69AR (ATCC, Rockville, MD), the 
renal adenocarcinoma cell line AC! IN (ATCC), and the leukemic cell line 
CCRF-CEM and its subline CEM.'VM-l ( W. T. Beck, University of Tennes- 
see, Memphis, TN)- 

The 8226/Dox40 was selected for doxorubicin resistance and shows the 
classical MDR phenotype with overexpression of Pgp 170 (6). The 8226/LR-5 
was selected for melphalan resistance, proposed to be associated with in- 
creased levels of GSH (7, 8), The U-937-Vcr was selected for vincristine 
resistance, proposed to be tubul in-associated (5). The H69AR, selected for 
doxorubicin resistance, expresses a MDR phenotype proposed to be mediated 
by MRP (9, 10). The CEMA^M-1, selected for teniposide resistance, expresses 
an atypical MDR, which is proposed to be topoisomerase II (1 1, 12). The exact 
mechanism of resistance for the primary resistant ACHN cell line is not known 
and may be multifactorial (13), 

The cell lines were grown in RPMI 1640 with 10% FCS, 2 mM glutamine, 
50 tig/ml streptomycin, and 60 pcg/ml penicillin. The 8226/Dox40 was treated 
once a month with doxorubicin at 0.24 /xg/ml and the 8226/XR-5 with 
melphalan at 1.53 ^ig-'ml at each change of medium. The U-937-Vcr was 
continuously cultured in the presence of 10 ng/ml of vincristine, and the 
H69AR was alternately fed with drug- free medium and medium containing 
0.46 fig/ml of doxorubicin. The CEMA/^M-1 cell line was cultured in drug-free 
medium without any loss of resistance for a period of 6-8 months. The 
resistance patterns of the cell lines were routinely confirmed in control exper- 
iments. 

In the xenograft studies, MCF-7 breast cancer cells (Clone L, N. Brunncr, 
Rigshospitalet, Copenhagen, Denmark), NYH SCLC cells (P. Buhl Jensen, 
Rigshospitalet, Copenhagen, Denmark), and H-460 non-SCLC cells (ATCC, 
Rockville, MD) were used. The cells used in the rodent tumor studies included 
rat Yoshida hepatosarcoma cells (Finsen Institutet, Copenhagen, Denmark), 
and rat Walker 256 mammary carcinoma cells (Deutsche Krebsforschungzen- 
trum, Heidelberg, Germany). 

Cell Line Experiments 

DNA Synthesis. The ability of CHS 828 to inhibit DNA synthesis was 
determined by the incorporation of tritiated thymidine. Paclitaxel and dauno- 
rubicin were used as reference compounds. 

The MCF-7 and NYH cells were seeded in tissue culture vessels at the 
concentration of 7.5 X 10^ cells/ml, the test compounds were added 2 h after 
plating, and the cells were culmred with the test compounds for 96 h (MCF-7 
cells) or 144 h (NYH cells). MRC-5 fibroblasts were seeded in tissue culture 
vessels at the concentration of 2.5 X lO' cclls/mK the test compounds were 
added 2 h after plating, and the cells were cultured with the lest compounds for 
144 h. Endothelial cells were seeded at the concentration of 25 X 10* cells/ml 
in multidish plates in M199 medium without heparin and endothelial cell 
growth supplement and were incubated for 24 h. Then the test compounds were 
added, and the cells were incubated for an additional 96 h with I ng/ml 
vascular endothelial growth factor and with 2% FCS. 

Tritiated thymidine (5 Ci/mmol, Amersham. Denmark) was added to the 
cultures at the concentration of 1 /iCi/ml, and the cells were incubated for an 
additional 4 h. The incorporated diymidine was measured with a j3-counter. 
Each drug concentration was tested in triplicate. 

Cytotoxicity. The ability of CHS 828 to induce cytotoxic effects was 
detemiined by the conversion of MTT to formazan by mitochondrial dehy- 
drogenases. The cells were seeded in tissue culture vessels at the concentration 
of 2.5 X 10^ ceils/ml, were incubated for 2 h, and were then exposed to the test 
compounds for 96 h (MCF-7 cells) or 120 h (NYH cells). Then, MTT was 
added at the concentration of 5 mg/mi, and the cells were incubated for 4 h. To 
solubilize the fonnazan product, 5% SDS was added to the cultures overnight. 



The absorbance of the solubilized formazan was then determined with an 
ELISA reader. Each drug concentration was tested in triplicate. 

Activity Profile Studies. The FMCA is based on measurement of fluores- 
cence generated from the hydrolysis of fluorescein diacetate to fluorescein by 
cells with intact plasma membranes and has been described in detail previously 
(14). Briefly, J 80 /xl of cell suspension were seeded into the wells of 96-well 
microliter plates prepared with drugs. Cell density ranged from 5 to 20 X 10'^ 
cells/well. Each drug concentration was tested in triplicate. Six wells with cells 
but without drugs served as control and six wells with only culture medium as 
blank. 

The plates were incubated for 72 h. At the end of the incubation period, the 
plates were centrifuged, and the medium was removed. The cells were washed 
once and 100 /il/wcll of fluorescein diacetate (10 /xg/ml) was added. The plates 
were incubated for 45 min, and the generated fluorescence from each well was 
measured at 538 nm in a 96-well scanning fluorometer (Fluoroscan 11, Lab- 
systems OY, Helsinki, Finland). 

To evaluate the schedule dependency of drug activity, RPMI 8226S cells 
were exposed to the drug for 2 or 72 h followed by washing and the addition 
of new culture medium, after which FMCA was performed at 72 h. 

Animal Models 

Animals and .Animal Welfare. All of the animal experiments were con- 
ducted according to the guidelines and ethical standards of the Danish Com- 
mittee for Animal Experiments. Female NMRl nu/nu mice 6 weeks of age 
were purchased from M&B (Ky, Denmark). Female outbred Sprague Dawley 
rats, 4-6 weeks old, and female inbred Lewis rats, 9-11 weeks old, were 
obtained from M&B (Ejby, Denmark). The nude mice were housed under 
specific pathogen-free conditions, whereas the rats were maintained under 
standard laboratory conditions. 

MCF-7 Xenografts. Oophorectomized 17^-estradiol -substituted NMRI 
nu/nu mice were inoculated with 1-1.5 X 10' MCF-7 cells in both flanks, and 
the tumor growth was measured twice weekly for 8 weeks (15). The tumor area 
was used as expression of the tumor size and was calculated from two 
perpendicular diameters measured with a digital caliper ( 1 6), CHS 828 was 
given by oral gavagc from day 2 1 when the mean tumor size ± SE was 29 ± 3 
mm^. Each treatment group consisted of five to seven mice. 

Two treatment schedules with CHS 828 were used: 

{a) 20, 50, or 100 mg/kg once daily for 8 weeks; and 

(£>) 1 00 or 250 mg/kg once weekly for 8 weeks. 

NYH Xenografts. NMRl nu/'nu mice were injected with 1 X 10' NYH 
cells s.c. in both flanks ( 1 7, 1 8). The tumor size was measured as described for 
the MCF-7 model.. CHS 828 was given by oral gavage from day 14, when the 
tiunor size was 30-130 mm^. The tumor size doubled two to three times in 2 
weeks. For this reason, vehicle-treated mice had to be euthanized between 
week 4 and 6. Each treatment group consisted of 6 to 15 mice. 

Two treatment schedules with CHS 828 were used; 

(a) ), 3, 10, 20, or 30 mg/kg once daily for 2 weeks; and 

{b) 100 or 250 mg/kg once weekly for 3 weeks. 
To ascertain long treatment efficacy, the treated animals were observed for 6 
months after the last dose, 

CHS 828 at 20 mg/kg was compared with etoposide, paclitaxel, cyclophos- 
phamide, and methotrexate using a once-daily schedule (from day 14 to diay 
28). 

H-460 Xenografts. NMRI nu/nu mice were injected with 5X10* H-460 
non-SCLC cells in both flanks and treated fix)m the day of inoculation with p.o. 
doses of CHS 828 ranging from 20 to 100 mg/kg daily for 2 weeks. 

Rat Tumors. In the Yoshida ascites hepatosarcoma model, 2 X lO' ascites 
cells were injected i.p, into inbred female Lewis rats (19, 20), and treatment 
with CHS 828 was started 3 days after tumor inoculation. CHS 828 was given 
p.o. at 20-1 00 mg/kg once daily for a maximum of 2 1 days. Each treatment 
group consisted of six rats. 

The Walker 256 breast carcinosarcoma tumor was grown by weekly passage 
in female outbred Sprague Dawley rats (21). Tumor pieces were mechanically 
disrupted, and a tumor cell suspension of 1 X 10' cells was injected s.c. into 
the inguinal region. Animals were treated with CHS 828 at a daily oral dose of 
20 mg/kg from the day of tumor injection to day 9, when the mmors were 
dissected and weighed. Each treatment group consisted of 6 animals. 
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Statistical Methods 

In the DNA synthesis and cytotoxicity studies, the IC50 values were 
calculated from the dose-response curves and were expressed as the 
mean ± SD of two to three independent experiments. 

In the activity profile study, tumor cell sur\'ival was presented as 
the SI, defined as the fluorescence in experimental wells expressed in 
per cent of that in control wells, with blank values subtracted- The 
concentration-response data were expressed as the mean ± SE ob- 
tained from three independent experiments. IC50 values obtained in 
the cell line panel were used for comparing the activity of CHS 828 
with other compounds using Pearson's correlation coefficient as pre- 
viously described (22). Curve fitting and parameter estimation in Fig. 
1 were performed with the Graphpad Prism software (Graphpad 
Software, Inc., San Diego, CA), using nonlinear regression and a 
standard sigmoidal concentration-response model with variable slope. 
CHS 828 exposure (AUC) was calculated as the CHS 828 concentra- 
tion multiplied by the exposure time, as the drug was shown to be 
stable under assay conditions. 

In the animal models, tumor sizes were expressed as the mean ± SE 
of tumor areas for the animals alive at the time of measurement. 
Comparison with controls was expressed as TIC % (median tumor 
area in the treated group median tumor area in the vehicle 
group X 100). Significance was tested with the Mann- Whitney t/test. 

RESULTS 

DNA Synthesis and Cytotoxicity 

NYH SCLC Cells and Lung Fibroblasts, The potency of CHS 
828 in NYH SCLC cells measured by the thymidine incorporation 
assay and by the MTT assay was in the same range as that of 
paclitaxel and daunorubicin (Table 1). In normal fetal lung fibroblasts, 
CHS 828 was about 100 times less active than in NYH cells. In 
contrast, paclitaxel and daunorubicin potently inhibited thymidine 
incorporation in both NYH cells and lung fibroblasts. 

MCF-7 Breast Cancer Cells and Endothelial Cells. Measured by 
the thymidine incorporation assay, the potency of CHS 828 in breast 



Table I DNA synthesis and cytotoxicity in NYH SCLC cells and normal lung 
fibroblasts: effects of CHS 828, paclitaxel and daunorubicin 
Results are expressed as the mean IC50 concentration ± SD of two to three experi- 





NYH SCLC (IC50 hm) 


Lung fibroblasts 








(ICjo nM) 




^H-TdR inc.'' 


MTT 


^H-TdR inc. 


CHS 828 


2.7 ± 2.0 


0.5 ± 0.0 


188 ± 130 


PacUtaxel 


4.3 ± 3.3 


7.0 ± 1.7 


6.2 ± L5 


Daunorubicin 


3.9 ± 0.9 


8.3 ± 1.7 


5.8 ± 0.9 



Incorporation of tritiated thymidine. 

cancer cells was in the same range as that of daunorubicin, whereas 
paclitaxel was 6 times more potent (Table 2). Measured by the 
cytotoxicity MTT assay, paclitaxel and daunorubicin showed the same 
potency as in the thymidine incorporation studies, whereas CHS 828 
was about 4 times more potent. In HUVEC cells, CHS 828 was 
markedly less active than in tumor cells. Paclitaxel and daunorubicin 
had IC50 values more similar to those obtained with tumor cells. 

Activity Profile 

To further study the antiproliferative activity profile of CHS 828, a 
panel of 10 cell lines with different resistance patterns was chosen. 
Clear differences in the potency of CHS 828 were observed among the 
10 cell lines with respect to both IC50 and maximal effect (E^), and 
the concentration-response curves were typically plateau-shaped at 
higher concentrations (Fig. \A). At 100 /xm, the drug was highly 
cytotoxic against all of the cell lines with Si values < 1 0% (data not 
shown). The U937 cell lines were the most sensitive, whereas the 
ACHN cell line was the most resistant cell line in terms of IC50 (Fig. 
1 B). When the overall activity pattern was compared with the corre- 
sponding activity data for 10 standard drugs and 2 clinically used 
guanidine compounds (MIBG and MGBG), low-to-moderate correla- 
tion coefficients were observed (Table 3). When this comparison was 
extended to 100 other investigational cytotoxic or antiproliferative 
compounds, all of the correlation coefficients obtained were less than 
0.65 (range, —0.45 to 0.65), except for eosinophilic cationic protein 
(ECP), for which the correlation was 0.79 (data not shown). 
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Fig. I. Cytotoxic activity of CHS 828 in a panel of 10 human tumor cell lines measured by the FMCA after a 72-h incubation with continuous exposure {A). Calculated log ICjqS 
arc shown m 5 and the maximum effect (E^ in C Cuive fitting and parameter estimation were performed with a standard sigmoidal concentration-response model with variable 
slope. The results are presented as mean values i SE obtained from three independent experiments. 
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From the concentration-effect graphs in Fig. 1, A and C, it is 
apparent that CHS 828 showed a diminished activity (E^) against 
the Pgp-expressing subline compared with the parental one. Addition 
of the Pgp-blocker SDZ PSC 833 at 1-3 ^g/m\ to RPMJ 8226/Dox40 
cells only marginally increased the sensitivity to CHS 828, and the 
effect was of similar magnitude in the parental line. At these concen- 
trations, SDZ PSC 833 produced a near complete reversal of doxo- ' 
rubicin resistance (data not shown). In addition, CHS 828 was shown 
not to interfere with the function of the Pgp in Pgp-overexpressing 
MCF-Vgjjr cells, in the standard chemosensitizer assay performed by 
Panlabs, Inc. (Bothell, WA; data not shown). No significant sensitiv- 
ity to MRP, GSH, or tubulin-associated MDR, was apparent when 
comparing the concentration-response curves of the parental cell lines 
and their resistant sublines (Fig. \,A-Q. 

To investigate the time dependency of the induction of the cyto- 
toxic effects of CHS 828, RPMI 8226/S cells were incubated with the 
drug for 2 and 72 h, respectively. Continuous exposure for 72 h, 
compared with 2 h, produced a left-shifted dose -response curve (Fig. 
2A), However, when the SI was plotted against the AUC (concentra- 
tion X h), the difference between the two incubation schedules dis- 
appeared (Fig, 2B). 

Animal Models 

MCF-7 Xenografts in Nude Mice. CHS 828 was administered 
daily at 20, 50, or 100 mg/kg p.o. to mice with established tumors 
fi-om day 21 to 70 after inoculation (Fig. 3.^). The dose of 20 mg/kg 
tended to delay tumor growth for the first 3 weeks of tieatment, but, 
thereafter, tumor growth resumed. The dose of 50 mg/kg arrested 
tumor growth, but two mice died during the experiment. The remain- 
ing mice showed no sign of toxicity (no weight loss). The highest dose 
of CHS 828 (100 mg/kg/day) was toxic to ail of the mice. CHS 828 
was next administered once weekly at 100 or 250 mg/kg/week (Fig. 
3^5). At 100 mg/kg, no significant effect on tumor regression was 
observed. Mice that were given 250 mg/kg had tumor regression 



Table 2 DNA synthesis and cytotoxicity in MCF-7 breast cancer cells and endothelial 
cells: effects of CHS 828, paclitaxel, and daunorubicin 
Results are expressed as the mean IC50 concentration ± SD of two to four experi- 



MCF-7 breast cancer cells 
(IC50 nM) 



^H-TdR inc." 



M7T 



Endothelial cells 
(IC50 nM) ^H-TdR inc. 



CHS 828 
Paclitaxel 
Daunorubicin 



31.0 i 24.0 
4.9 ± G.8 
39.0 ± 4.9 



7.3 ± 3.3 
8.6 ± 0.3 
38.5 ± 36.0 



5650 ± 212 
5.3 ± 0.2 
45.0 ± 1.0 



' Incorporation of tritiated thymidine. 



Table 3 Activity pattern of CHS 828: correlation with chemotherapeutic agents with 
various mechanisms of action and with two structurally related guanidines. MIBG 



andMGBG 


Drugs 


Mechanistic class 




Etoposide 


Topo II inhibitor 


0.57 




Other 


0.30 


Daunonibicin 


Topo II inhibitor 


0.20 


MGBG 


Other 


0.16 


Cladribine 


Antimetabolite 


-0,01 


Paclitaxel 


Tubulin-activc 


-0.03 


Vincristine 


Tubulin-active 


-0.06 


Topotecan 


Topo I inhibitor 


-0.19 


5-Fluorouracil 


Antimetabolite 


-0.28 


4-Hc* 


Alkylating agent 


-0.29 


Cisplatin 


Alkylating agent 


-0.32 


Cytarabine 


Antimetabolite 


-0.34 



^/f, Pearson *s correlation coefficient. 
4-Hc, hydroperoxy-cyclophosphamide (active metabolite of cyclophosphamide); 
Topo II, topoisomerase II. 



K 
O 

C 



> 

E 

(0 



B 



K 
O 
T3 
C 

75 
> 



3 

CO 



120 
100 

80-1 

60 

40 

20 
OJ 



120. 

100. 
80- 
60- 
40- 
20. 




CHS 828 concentration (M> 



10^ 




0 10-^0 10-8 10^ 

CHS 828 exposure (Mxh) 



10^ 



Fig. 2. Dependency of exposure time in CHS 828-induced cytotoxicity. RPMI 8226/S 
cells were cuhured for 72 h, CHS 828 was present for 2 h P) or for 72 h (A), In A, the 
drug concentration is shown on the X-axis, whereas in 5, the total drug exposure 
(AUC = drug concentration X exposure time) is used. The results are presented as mean 
values ± SE obtained from three independent experiments. 



already in the week after the first dose. One mouse died during this 
experiment, whereas the remaining mice showed no loss of body 
weight after 7 weeks of dosing. 

NYH Xenografts in Nude Mice. CHS 828 was administered daily 
at 3, 10, 20, and 30 mg/kg p.o. to mice with established tumors from 
day 14 to 28 after inoculation (Fig. 4A). The dose of 3 mg/kg was 
without effect, whereas tumor growth arrest was observed with 10 
mg/kg. Twenty and 30 mg/kg caused regression of tumors. No weight 
loss was observed in any of the treatment groups. 

Once-a-week administration of 100 mg/kg or 250 mg/lcg of CHS 
828 on day 1 4, 2 1 , and 28 caused rapid regression of tumors (Fig. AB). 
Regression of tumors continued throughout the observation period, 
which lasted for more than 6 months after cessation of treatment (Fig. 
45). In the group treated with 250 mg/week, regression was observed 
after the first dose, and at the end of the experiment, no tumors 
persisted. All of the mice survived, and no loss of body weight was 
observed in any of the mice. 

The effects of CHS 828 were compared with those of reference 
chemotherapeutic agents in the NYH xenograft model (Table 4). CHS 
828, etoposide, methotrexate, and cyclophosphamide were adminis- 
tered p.o,, whereas paclitaxel was given s.c. All of the reference 
compounds were used at the maximally tolerated dosages. Of these, 
only paclitaxel showed significant acti\dty with a T/C value of 48%. 
CHS 828 was extremely efficient, having a T/C value of 0%, at doses 
below the maximum tolerated dose, 

H-460 Xenografts in Nude Mice. CHS 828 was administered 
daily at doses ranging from 20 to 100 mg/kg p.o. for 2 weeks from the 
day of the inoculation of tumor cells. No effect of CHS 828 was 
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250 mg/kg/week 



14 




CHS 828 were studied in MCF-7 human breast cancer cells and in 
NYH liuman SCLC cells — the two cell types that were also used for 
the in vivo tumor studies in nude mice. The MCF-7 cells are broadly 
used as a representative of a classic estrogen-dependent tumor, with 
an intact p53-dependent repair mechanism (25). The NYH cells are 
aggressive SCLC cells that have lost several tumor suppressor pro- 
teins such as pRB and pi 30 (26). The NYH cells are resistant to the 
alkylating agent l,3-bis-(2-chloroethy])-l-nitroso-urea (18). 

In vitro, CHS 828 displayed a potency similar to that of the 
reference cytotoxic agents daunonibicin and paclitaxel. Comparative 
studies with normal cells were performed using fetal lung fibroblasts 
as norma] counterparts for the SCLC cells. The choice of a normal cell 
type for comparative studies with the MCF-7 breast cancer cells was 
more difficult- We decided to use human endothelial cells stimulated 
by vascular endothelial growth factor, which, in addition, allowed us 
to gain information on the possible effects of CHS 828 on angiogen- 
esis. in contrast to daunorubicin and paclitaxel, CHS 828 was found 
to have considerably less antiproliferative activity against the normal 
cell types than against the tumor cells. The results suggest a decreased 
risk of toxicity against nonnal tissues but also indicate that CHS 828 
does not exert anti angiogenic effects at the level of endothelial cell 
proliferation. 

The mechanism for induction of cell death by CHS 828 remains to 
be clarified. The assays used for the determination of the antiprolif- 
erative and c>totoxic effects of CHS 828 do not distinguish between 



77 



Days 

Fig. 3. Effects of CHS 828 in nude mice with MCF-7 breast cancer tumors. Ovariec- 
tomized and estrogen-substituted female mice were inoculated with 5X10* MCF-7 cells 
in both flanks, CHS 828 was administered p.o. from day 21 to day 70. A, effects on tumor 
size after treatment once daily; 5, effects after treatment once weekly. 



observed on tumor growth in this model of non-SCLC (data not 
shown). 

Rat Tumors. In rats with i,p. implanted Yoshida hepatosarcoma 
cells, CHS 828 was found to prolong survival time by more than 
100%, when administered at doses ranging from 20 to 50 mg^^kg p.o. 
(given once daily or once every second day). In rats with s.c. Walker 
256 breast carcinosarcomas, CHS 828 at 20 mg/kg p.o. once daily 
reduced tumor weight by 80%, compared with control tumors (data 
not shown). 

DISCUSSION 

CHS 828 is a recently discovered antittmior drug candidate, be- 
longing to a group of pyridyl cyanoguanidines that hitherto have 
attracted pharmacological interest as hypotensive agents because of 
their activity as potassium channel openers. This activity is, however, 
not associated with the antitumor activity, and CHS 828 has no 
potassium channel-opening activity (I).. Pyridyl cyanoguanidines 
have not previously been shown to exert antitumor effects, but two 
structurally related benzylguanidines (MIBG and MGBG) have 
shown cytotoxic effects in cultured cancer cells and antitumor re- 
sponses in animals (23, 24). MIBG is a structural and functional 
analogue of epinephrine, and its radio-iodinated form has been used 
for scintigraphic detection and radiotherapy of tumors derived from 
adrenergic tissues (24). MIBG and MGBG were included as reference 
compounds in our cell line activity pattern studies, but no significant 
correlation with the profile of CHS 828 was observed. 

In the present study, the antiproliferative and cytotoxic effects of 
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Fig. 4. Effects of CHS 828 in nude mice with NYH SCLC tumors. Female mice were 
inoculated with I X lO' NYH cells in both flanks. CHS 828 was administered p.o. from 
day 14 to day 28. A, effects on tumor size after treatment once daily; B, effects after 
treatment once weekly. Tumor growth was monitored for 6 months after the cessation of 
treatment {B). 
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Table 4 Effects of CHS 828 in 


nude mice wi/h NYH SCLC lumon 


f; comparison 


wtV/r reference antineoplastic compounds 




Compound 


CHS 828 


Eloposidc 


Paclitaxcl 


Methotrexate 


Cyclophosphamide 


Dose (once daily) 


20 mg/kg 


20 mg/lig 


10 mg/kg 


5 mg/kg 


10 rag/kg 


Route 


p.o. 


p.o. 


s.c. 


p.o. 


p.o. 


T/C %" 


0«/o 


64% 


48% 


67% 


86% 




P < 0.05 




P < 0.05 


ns 


ns 



' T/C%: Median tumor area in the treated group/median tumor area in the vehicle group after 14 days of treatment (from day 14 to day 28). (Statistics by Mann Whimey L-tesi). 



ns, not significant. 



necrotic and apoptotic cell death. Additional studies, including DNA 
fragmentation and caspase 3 activity studies, have been undertaken.^ 

When the activity pattern of CHS 828 in a human cell panel 
(consisting of four sensitive parental cells lines, five drug-resistant 
sublines with different mechanisms of resistance, and one cell line 
with primary resistance) was correlated with the activity data from 
standard chemotherapeutic agents, correlation coefficients were low 
to medium. Previous studies using this system have shown that 
anticancer agents with closely related mechanisms of iaction generally 
show high correlation coefficients (>0.85; Refs. 3, 27, 28, 29). These 
results suggest a potentially new mechanism of action for CHS 828. 

The studies in the drug-resistant ceil lines indicated no sensitivity of 
CHS 828 to drug resistance mediated by MRP, GSH, topoisomerase 
11, or tubulin-associated MDR. CHS 828 was less cytotoxic against 
the Pgp-overexpressing RPMI 8226/Dox40 cell line than against the 
parental RPMI 8226/S line. This finding suggested a role for Pgp in 
protecting the cells from the effects of CHS 828. However, the lack of 
reversibility of CHS 828 resistance by Pgp-blockers indicates that this 
is not the case. Measurements of the rate of proliferation during the 
incubation time showed a slightly reduced rate of proliferation in the 
doxorubicin-resistant subline compared with the parental cell line, 
which might, at least to some extent, contribute to the observed 
difference in sensitivity to CHS 828. 

Studies in the RPMI 8226/S cell line showed that CHS 828 induced 
less cytotoxicity when present in the incubation for only 2 h compared 
with continuous presence for 72 h. This difference disappeared after 
taking AUC (concentration X time) into account; the AUC indicated 
that the effect of CHS 828 was dependent on the total exposure rather 
than on exposure time alone. The fact that even a 2-h incubation with 
CHS 828 resulted in the induction of cytotoxicity after 72 h of 
incubation suggests that the activation of cell death pathways by CHS 
828 is an early event that does not require prolonged exposure. These 
results together with the in vivo data also suggest that single or 
intermittent dosing schedules may be sufficient to obtain tumor re- 
sponses in the clinical setting, at least from a strictly pharmacody- 
namic point of view. 

CHS 828 was tested in vivo in a number of animal models, includ- 
ing nude mice xenografted with human cancer cells and rats with 
transplanted rodent tumors. CHS 828 was active after oral adminis- 
tration in most of the models. In the MCF-7 breast cancer model, a 
weekly dose of 250 mg/kg had a significant antitumor effect after the 
first dose, leading to regression of established tumors. The lower 
weekly dose of 100 mg/kg was less efficient. The daily dosing 
schedule was associated with significant toxicity at doses that were 
able to induce tumor regression. Long-term observation of treated 
animals was not performed because of mortality in both the vehicle- 
and the drug-treated groups after the depletion of the estrogen content 
of the implanted pellets, which occurred after day 60. 

MCF-7 cells seem to be generally refractory to standard chemo- 
therapy when grown as xenografts in nude mice, in a study of drug 



^ p. Martinsson, G. Liminga, E. Jonsson, S. Ekelund, J. Gullbo. S. Dhar, A. Lukinius, 
M. Dc La Tonrc, L. Binderup, and R. Larsson. A novel cyanoguanidinc compound with 
potent anti-tumor actixnty induces programmed cell death with unusual features, manu- 
script in preparation. 



activity in xenograft models from the National Cancer Institute (30), 
a panel of 12 standard drugs encompassing alkylating agents, DNA 
binders, antimetabolites, and mitotic inhibitors were tested. None of 
the 12 drugs was found to induce tumor regression in the MCF-7 
model. 

In accordance with the differences in sensitivity observed in vitro 
between the MCF-7 and NYH cells, NYH tumors in mice were more 
sensitive to CHS 828 than the MCF-7 tumors were. The weekly 
dosing schedule was again the most efficient one. A weekly dose of 
250 mg/kg induced immediate tumor regression and, in contrast to the 
MCF-7 tumors, NYH tumors were also very sensitive to 100 mg/kg. 
Continued regression and no tumor regrowth were seen during a 
6-month observation period after the third (and last) dose of CHS 828. 
No toxic effects of CHS 828 were noted in these experiments. These 
results are particularly interesting because the NYH xenograft model 
does not seem to be very sensitive to standard drugs. As shown in the 
present study, all of the reference chemotherapeutic drugs, including 
paclitaxel, induce little or no growth inhibition in this model despite 
being tested at their maximum tolerated doses. The significant tumor 
regression induced by CHS 828 in these xenograft models is, there- 
fore, encouraging. 

CHS 828 was also tested in nude mice bearing H-460 non-small 
cell lung tumors. These cells had previously shown sensitivity to CHS 
828 in vitro, comparable with that seen with the MCF-7 cells (results 
not shown). Surprisingly, no effect of CHS 828 was seen on H-460 
tumor growth in the nude mice. The reason for this treatment failure 
is not clear, but it may be associated with the aggressive growth rate 
of the tumors, which severely limits the life span of the animals and 
reduces the treatment time to a few weeks (starting at the time of 
inoculation of the tumor cells). 

CHS 828 showed a substantial antitumor activity against rodent 
tumors, both in the form of i.p.-implanted Yoshida hepatosarcoma 
cells (ascitic tumors) and s.c, -growing Walker 256 breast carcinosar- 
comas. 

The toxicological profile of CHS 828 is currently under investiga- 
tion in rodents and dogs. The predominant toxicity seems to be 
gastrointestinal irritation with mucositis, diarrhea, and vomiting. In 
genotoxicity tests, CHS 828 has not shown any mutagenic or clasto- 
genic effects. 

In conclusion, CHS 828 is a new antineoplastic agent with a broad 
spectrum of activity against a variety of human cancer cells, including 
multidrug resistant cells. The mechanism of action of CHS 828 is still 
unknown, but it seems to be different from that of currently used 
chemotherapeutic agents. CHS 828 is presently in Phase I clinical 
studies. 
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EXHIBIT 10 



Synthesis and Antitumor Activity of a New Cis-Diammineplati- 
num (II) Complex Containing Procaine Hydrochloride 
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Abstract. This paper refers to some of the chemical and 
biological properties of a new platinum (II) complex where the 
aromatic amino group of procaine is involved in the coordina- 
tion with platinum and whose structure was defined by UV, 
IR, ^H-NMR, and elemental analysis. This new cation ic 
platinum-triamine complex (DPR) displays excellent solubility 
(> 50 mglml) and stability in water. DPR has significant in 
vitro cytotoxicity against murine P388 leukemic cell line, 
human K562 erythroleukemic cell line and human Jurkat T 
cell line. The in vitro cytotoxic effects of DPR on P388 and 
Jurkat leukemic cells were comparable to those of cis- 
diamminedichloroplatinum (II) (DDP), while its activity on 
K562 cells was significantly better than that of DDP [IC50 - 
L07 ± 036 (SD) pM vs 2.62 ± 023 (SD) pM,P< DM}. The 
in vitro Pt accumulation rate for P388 cells was twice as rapid 
after DPR than after DDP exposure, while no difference in 
cellular platinum efflux was observed. The antitumor activity 
of DPR was tested in vivo against P388 leukemic cells in BDFI 
mice and gave a % ILS value (75%) similar to that of the 
maximum tolerated dose (MTD) of DDP (8 mglKg). A 
comparative study of plasma urea nitrogen (PUN) levels and 
kidney morphological analysis in tumor-bearing mice receiv- 
ing the LDso dose of both drugs (39,3 mglKg and 16,5 mglKg 
for DPR and DDP, respectively), showed DPR to be less 
nephrotoxic than DDP. These results indicate that this new 
cationic platinum-triamine complex containing primary amine 
ligand is surprisingly active both in vitro and in vivo. In 
summary, the good characteristics of DPR in terms of high 
solubility, encouraging anticancer activity and absence of 
nephrotoxic effects make DPR a promising new platinum 
anticancer agent for preclinical development * 
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m-DiamminedichloropIatinum (II) (DDP) is well recognized 
as a useful antitumor drug in the treatment of several human 
cancers (1-3). However its side effects, e.g. nephrotoxicity, 
ototoxicity, neurotoxicity and gastrointestinal symptoms, 
together with the evidence that some tumors are totally 
refractory to DDP, have emerged as factors that compromise 
its clinical effectiveness. 

The occurrence of these limiting factors has stimulated 
attempts to reduce the dose-limiting toxic side effects of DDP 
by the co-administration of various compounds (4-10) or the 
synthesis of many chemically-modified DDP analogues with 
better solubility and reduced nephrotoxicity than DDP 
(11-14), Research in this field has produced a new series of 
platinum compounds which are cationic triamine complexes 
with chemical and biological properties that are quite 
different from those of DDP (15). On this basis, along with 
the evidence that procaine hydrochloride (P.HCl) improves 
the therapeutic index of DDP (16), the feasibility of 
preparing a platinum (II) complex containing an amine ligand 
derived from P.HCl was investigated. The antitumor effects 
of this new platinum triamine cation were tested both in vitro, 
against human and murine leukemic cell lines, and in vivo 
against P388 leukemia in mice. Its nephrotoxicity was 
compared with that of DDP. 

Materials and Methods 

Drugs. DDP was purchased from Janssen Chimica (Belgium) and used 
without further purification. P.HCI was purchased from BDH Chemicals 
Ltd Poole (England) and used as received. Chromatographic solvents and 
other chemicals were of HPLC grade (BDH). Water used in HPLC was 
glass double destilled, deionized and Millipore filtered. 

Animals. Female BDFI mice (18-22 g, Charles River Laboratories, 
Calco, Italy) were allowed at least a 7-day period before use. Standard 
food (4RF-25 Italiana Mangimi, Settimo Milanese, Italy) and water were 
available to the mice at alll times. 

Physical methods. The IR spectra (KBr, 4000-200 cm ') were measured 
with a Perkin Elmer 683 spectrophotometer, and the 'H-NMR spectra [60 
MHz, solvent D2O, 3-(trimethylsilyl) propionic-d4 acid sodium salt as 
internal standard] were recorded with an Hitachi R-600 instrument. The 
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*^"'Pt-NMR spectrum was recorded at 22" C on a Bruker spectrometer 
(42,9 MHz) under full proton decoupling using a 5 mm "reverse" probe 
with outer coils tunable in the range '^^^Ag-^* P. A 13 ^is pulse (70°) was 
employed; the acquisition time for 8192 data points over a spectral width 
of 50000 Hz was 82 ms. A line broadening factor of 50 Hz was applied 
before the Fourier transform. The '^''Pt chemical shift was compared to an 
external sample of K2PtCl6- 

Ultraviolet spectra were measured with a Perkin Elmer Lambda 3 
spectrometer in aqueous solution, while the elemental analysis was 
carried out on a Carlo Erba mod. 1106 analyzer. The melting point was 
determined with a Buchi 500 apparatus and it is uncorrected. 

Thin-layer chromatography (TLC) was carried out in ascending 
technique with RP 18 precoated glass plates and silica gel and cellullose 
aluminum sheets (5 x 10 cm, with fluorescence indicator, from Merck, 
Darmstadt)- The preparative low pressure LC was performed using a 
chromatographic system from Pharmacia LKB (Sweden): a Varioperpex 
II 2120 peristaltic pump, a KX (72 x 1.6 cm) column with Sephadex GIO 
as stationary phase, a LKB 2138 Uvicord S spectrophotometer detector 
working at 206 nm (cell length = 5 cm, ABS range = 1), a LKB 2210 
potentiometric recorder (input range = 100 mV, chart drive = 1 mm/min) 
and a LKB 2111 Multirac fraction collector (collection time = 2 min). The 
analytical low pressure LC was carried out by the same apparatus as 
above, with the following modifications: SR column (17 x 1 cm), ABS = 
0.1, chart drive = 0.2 mm/min. HPLC analyses were conducted using a 
Hewlett-Packard Series 1050 LC with a 1040 M detector (diode array 
detector), HP-300 PC and HP 9153 disk drive. This system possesses the 
capability of instant UV-VIS spectral scanning and storing-retrieving 
chromatographic data. Columns from Supeico Inc. (USA) were used. 

Synthesis of cis-[Pta(NHj)2 (ProcainiumjJClz (DPR). DPR was synthe- 
sized by reaction of DDP with P.HQ (molar ratio 1:3) in HjO, at SS" C, 
under constant stirring for 48 h (Scheme I). The starting concentration of 
DDP was 1 mg/ml. The reaction mixture (30 ml) was concentrated to 
about 2 ml in a rotating evaporator, under reduced pressure, at 60° C and 
injected into the preparative LC system using H2O as eluent with a flow 
rate of 1.6 ml/min. Eluate fractions of 3.2 ml (24 .-36) containing the 
complex were collected and evaporated, under reduced pressure, at 40° 
C. The solid residue was then dissolved in methanol (10 ml); by adding 
diethyl ether (10 ml) a white precipitate was obtained viathin 1 h. Through 
filtration and washing with methanol/diethyl ether 1:1, 25 mg of pruduct 
were obtained (yield about 42%). Recrystallization from the same solvent 
gave the elemental analysis product (mp .= 173-176° C, with decomposi- 
tion). 



Chemical analysis. The purity and stability of the compound were 
evaluated by several methods. 1) By TLC, through the following systems: 
a) tetraethyilammonium chloride 0.1 M/methanol 20:10 (RP 18); b) 
potassium hydrogen phtalate 0.01 M (Cellulose); c) acetone/toluene/ 
water 76:20:4 (Silica gel). The zones were located by irradiation at 254 nm 
and by dipping the plate into an ethanolic solution of p-nitroso-N, 
N-dimethylanihne. followed by heating at 120° C for 15 min (17). 2) By 
HPLC, employing a Nucleosil C18 column (15 x 0.46 cm, 5 ^m) with 
ammonium carbonate 0.4% plus tetraethylammonium chloride 0.1% / 
acetonitrile 50:50 as eiuent, at flow rate of 1 ml/min, sample volume 10 \l\ 
(0.150 mg/ml). Absorbance was monitored at 210 nm. 3) By HPLC, using 
the same column as in 2) and with ammonium carbonate 0.1% + 
tetraethylammonium chloride 0.05% / acetonitrile 80:20 as eiuent. Flow 
rate was 1 ml/min and absorbance was monitored at 210 nm. Sample 
volume 10 \i\ (2 mg/ml), tr(DDP) = 1.3 min. 4) By HPLC using a Hisep 
column (C18, 15x0.46 cm, 5 jim) with precolumn and ammonium acetate 
0.18 M as an eiuent at flow rate of 1.5 ml/min. Absorbance was monitored I 
at 243 nm (DPR, ir = 3 min) and 289 nm (procaine, tr = 5 min). On this | 
column direct injection of serum samples for analysis of unbound drug 
was possible. 5) By analytical low pressure LC, using NaCl 2 mM as an 
eiuent, at flow rate of 1 ml/min. Sample volume 0.5 ml (0.6 mg/mi), 
tr(DDP) = 18 min. 

The method proposed by Arpalahti and Lippert (18) was used to check 
the geometric purity of the compound. 

In vitro studies 

Cell lines. Murine P388 leukemic cells, human K562 erythroleukemic cells 
and human Jurkat T cells were seeded respectively at 2.5, 10"^ and 10^ x 
10^ cells/well in round-bottomed microliter plates in a fmal volume of 200 
\i\ of RPMI 1640 medium containing glutamine (2 mmol/L), gentamycin 
(100 jig/ml), non-essential aminoacids (2% vol/vol) and 10% fetal calf [ 
serum (PCS) (complete medium). ^ 

Cytotoxicity of platinum complexes on P388 leukemic cells. Cells were 
exposed to equimolar concentrations (0.52, 1.04, 2.07, 4.15, 8.3, and 16.6 
jiM) of DPR and DDP for 4 h or 24 h (continuous drug exposure) at 37** 
C. After 4 h exposure, cells were washed twice with complete medium, 
counted and seeded. Eighteen hours later, cells were pulsed for 6 h with 
0,5 ^iQ of pH]-thyniidine and then harvested and counted in a B counter. 
The concentration of drug producing 50% inhibition of cell growth (IC30) 
compared to untreated controls was obtained by plotting the results, as 
percentage of control cultures, in a diagram using the probit transforma- 
tion of data. 

Cytotoxicity of the platinum complexes on human leukemic cell lines. 
Sensitivity to DPR and DDP of the human K562 erythroleukemic cell line 
and the human Jurkat T cell line was assessed by [^H]-thymidine 
incorporation in a 24 h assay. Both cell lines were treated with doses of 0, 
1.04, 2.07, 4.15, 8.3, and 16.6 |aM drug for 24 h (continuous drug 
exposure). After 18 h cells were pulsed for 6 h with 0.5 \iC\ of 
[^Hj-thymidine and then harvested and counted in a B counter. 

Clonogenic assay. K562 cells were used in a clonogenic assay where cells 
were plated in 6-well plate dishes at 5 x 10^ cells/well in alpha medium 
containing 0.3% agar, 100 jig/ml gentamicin, 2% (vol/vol) sodium \ 
pinivate, 2 mmol/L L-glutamine, 1% (vol/vol) non essential aminoacids j 
and 10% PCS. Plates were incubated for 14 days in a humidified y 
atmosphere of 5% CO2 at 37° C. Chemosensitivity was determined by 
continuous exposure of cells to equimolar concentrations of drugs over 
the entire period of culture (19), The number of colonies (i.e., more than 
40 cells) was evaluated microscopically. Results were plotted as percen- 
tage of control cultures (probits transformation) and IC50 values 
determined from the dose/response curves so obtained. 



Measurement of cellular drug accumulation. In one set of experiments, 
P388 leukemic cells were treated with DDP and DPR at equimolar 
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Table I. Elemental analysis of ciS'diamminechlorO'[2-(diethylamino) ethyl 
4'amino-benzoate, N^J- chloridepldtinum (II) monohydrochloride 
mono hydrate (DPR). 



Tabic in. IC_<;o values of platinum compounds in P388 leukemic cells". 



Found (%) 



Calculated (%) 



Formula 



H 



H 



N 



Ci3H27a3N402Pt.H20 26.58 4.95 9.36 26.43 4.95 9.48 



Table IL UV, IR and ^H-NMR data of DPR and P.HCi 



Compound Xmax, nm (loge) 



wn (cm ') 



DPR 



P.HCi 



202(4.22) 
244(4.13) 



194 (4.32), 
220 (3.94), 
289 (4.28) 



,3500-3400 (m) (OH); 3300-3080 (s, broad 
structured band) (NH); 2700-2600 (m) (NH^^); 
1710(vs)(C=0); 1600(s) (C=C); 1270(s) (C-0); 
1210(m) (C-NH2); 575(w), 495(vw), 
460(vw), 410(vw); 330(w) (Pt-Cl). 
3350(m), 3310(m) (NH), 3200(m) (NH2); 
2700-2400 (m) (NH^); 1685 (vs) (C=0) 
1640(m) (NH2); 160G(s) (C=C); 
1270(s) (C-O) 



6 (ppm) 

DPR 8-10 (d, J=8 Hz, 2 H ar, meta-NH2); 7.45 (d, J=8 Hz, 2 H ar, 
ortho-NHz); 

3.65 (m, -CO-O-CHg-CHz-); 3.35 (q, J-7:4 Hz, 2 CHyCH^-); 
1-35 (t, J=7.4 Hz, 2 CH3-CH2-). 
P.HCI 7.85 (d, J=8 Hz, 2 H ar, meta-NHj); 6.85 (d, J=8 Hz, 2 H ar, 
ortho-NH2); 

4.60 (m, -CO-O-CH2-CH2-); 3.60 (m, -CO-O-CH2-CH2-); 3.35 
(q, J=7.4 Hz, 2 CH3-CH2-); 1.35 (t, J=7-4 Hz, 2 CH3-CH2-). 

Abbreviations: wn = wavenumber, vs = very strong, s = strong, m = 
medium, w — weak, vw = very weak, ar = aromatic. 



concentrations of 0, 1-04, 2.07, 4.15, 8.3, or 16.6 jtM for 2 h and 4 h at 37* 
C. After drug exposure, cells were collected by centrifugation and washed 
twice with 0.9% NaCl to remove extracellular drug. Ceils were counted 
and those collected were treated with 1 ml of cone. HNO3 at 120* C. The 
mixture was digested until HNO3 was evaporated and the digested ceils 
were dissolved with 10 mM HNO3 (0.2 ml). Platinum concentrations were 
determined by flameless atomic absorption spectroscopy (Atomic 
Absorption Spectrophotometer, Hitachi Mode! Z-9000 simultaneous 
spectrophotometer, W. Pabish Instrument, Milano, Italy) under the 
foUowing conditions: drying 30s at 80-120° C, 15s at 120-200° C, lOs at 
200° C; ashing 45s at 200-1 100° C,20s 1100" C; atomization 10sat3000°C; 
clean 5s at 3000° C. Total cellular drug accumulation was measured as 
nanograms of platinum per 10^ cells. 

Measurement of cellular drug efflux, P388 leukemic cells were treated with 
DDP and DPR at an equimolar dose of 8.3 ^iM and exposed to each drug 
for 4 h. After a 4 h exposure, cells were harvested at the following time . 
points; 30 min, 60 min, 120 min, and 240 min after drug removal. Total 
cellular effux of the two drugs was compared by assigning the value of 
100% to the drug level achieved after 4 h exposure, and assessing all other 
values relative to the 100% value. 

In vivo antitumor activity. Female BDFl mice (18-22 g) were implanted 
i.p. with 10^ P388 leukemic cells on day 0 and DPR was administered i.p. 
dissolved in water (0.1-0.2 ml) 24 h later (day 1). Tests were conducted 
using groups of 6 mice for each do.'^e, with a control group of 10 mice 
receii^ng only tumor cells and 0.1 ml of water. A positive control group 
received tumor cells and 8 mg/Kg of DDP dissolved in normal saline (the 



Complexes 


4 h exposure** 


24 h exposure 


DDP 


0.65 ± 0.22 


0.40 ±0.11 


DPR 


0.70 ± 0.28 


0.43 ± 0.06 



HC^o = concentration of drug (|iM) producing 50% inhibition of cell 
growth compared to untreated controls, and evaluated by |-*H]-Thymidine 
incorporation in a 24 h assay from a 4 h and 24 h exposure (continuous 
exposure) to the platinum complexes as described in "Materials and 
Methods". ''Values arc expressed as Mean ± SD from 3-6 separate 
experiments. 



maximum tolerated dose without the occurrence of toxic deaths, 
corresponding to approximately 50% acute LD50 for a single treatment) 
or in distilled water. The test was terminated after 3 times the median 
survival time (MST) of the normal control group, and surviving mice were 
counted as dying on the day. Activity was determined based on the 
percent increase in MST of test mice over controls (% ILS). An ILS of 
>307o indicates activity in this tumor. 

Toxicological testing. Preliminary toxicity testing was performed in groups 
of 8 normal female BDFl mice by observing daily for signs of toxicirv and 
survival following a single i.p. injection of the test compound, A sufficient 
number of doses were tested for DPR to allow calculation of the LDjo, 
LD50, and LD9f, by probit analyses using deaths up to 14 days after drug 
administration. Mice were administered the calculated LD50, and - or 7 
days later blood was collected by orbital-sinus puncture, using hepari- 
nized Pasteur pipettes. Plasma urea nitrogen (PUN) levels were deter- 
mined according to the Beckman Liquid STAT test-combination ( Beck- 
man Instruments, Inc., FuIIerton, CA). The kidneys were removed and 
treated for morphological analyses as previously described (16). As a 
measure of renal toxicity, PUN levels and renal tubular histopathological 
changes were investigated in animals receiving the test compound at the 
LD50 dose (39.3 mg/Kg). PUN and kidney morphological analyses were 
also performed on a separate group of mice receiving a single i.p. 
injection of the calculated LDsoof DDP in normal saline [16.5 ± I A (SD) 
mg/Kg]. 

Statistical analysis. The significance of the differences between DDP and 
DPR treatments was assessed according to Student's t test. 

Results 

Chemical characterization. The complex DPR showed a sole 
spot on TLC systems la), lb) and a single peak with a 
retention time of about 6 min in the HPLC chromatogram 
(method 2). The difficully of obtaining a DDP free product 
was overcome by a chromatography on the LC low pressure 
system, before crystallization. The residual DDP was less 
than 0.2% in the first crystallization product, as detected by 
chromatographic techniques (method Ic, 3 and 5). After 
thiourea (tu) treatment no rra/w-[Pt(tu)2(NH3)2]a2 was 
detected, unlike what would be expected if trans-DFR was 
present, on the analogy of the compound [Pt(NH3)3Cl]a that 
gives the mentioned derivative as a sole product (18). The 
solubility of DPR in water was > 50 mg/ml. The elenaental 
analysis values for carbon, hydrogen and nitrogen were in 
good agreement with those calculated for the proposed 
formula (Table I). These data showed a 1:1 molar ratio of 
platinum to P.HCI. The compound structure was inferred 
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1.0^ 




1-0^ 




Drug concentration. pM 

Figure 1. In vitro cellular uptake of DPR (o) and DDP (•) in P388 
leukemic cells. Cells were exposed to equimolar concentrations of drugs for 
2h (A) or4h (B) at 3T C At each time point, cells were collected and 
washed free of drug and cellular uptake of platinum was determined by 
atomic absorption spectroscopy as described in "Matenals and Methods*'. 
Each experimental point represents the mean of 3-5 replicate experiments. 
BarSf SE. 

(*) P < 0.05; (**) P < 0.02. 
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Figure 2. In vitro cellular uptake of Pt after P388 leukemic cells exposure to 
16.6 pM DDP (O) and DDP + P.HCl at a 1:1 molar ratio (•}. 
SD < 15%. 
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Figure 3. In vitro cellular efflux of DPR (o) and DDP (•) determined in 
P388 leukemic cells after 8.3 pM drug exposure for 4 h. Cells were treated 
as described in the text. Each data point is the mean of 3-7 separate 
determinations. Bar, SE. 



from spectral data analyses (Table 11). In the IR spectrum the 
V(N-H) vibrations of the primary amino group are shifted to 
lower frequencies when compared to the parent P.HQ (from 
3350-3200 cm-^ to 3300-3080 cm\ together with the stretch- 
ing bands of the NH3 groups of the parent DDP). The 
V(C=0) band, at 1685 cm ^ in free P.HCl, is moved to 1710 
cm"* in DPR. The band at 1640 cm** (NH2 bending vibration) 
in P.HCl disappears in the complex, probably shifted to 
about 1600 cm * and overlapped by the C=C stretching band, 
whereas a new signal at 1210 cm * is observable and can be 
assigned to the C-NH2 stretching absorption. These data 
emphasize the role of the aromatic amino group of P.HCl in 
the formation of the complex, as they can be considered to be 
due to a Pt-NH2 bonding with consequent removal of 
conjugation with the carbonyl group. Several weak bands are 
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Table IV. Growth-inhibiting effect of DPR evaluated by I^H] -Thymidine 
incorporation in a 24 h assay on human leukemic cell lines. 



1 00 



DRUG CONCENTRATIONS, 

Figure 4. Effect of treatment with DPR (m) and DDP (' •) on colony- 
forming ability of K562 cells. Survival is based on colony count expressed 
as percentage of the untreated control. Cells were exposed to various 
concentrations of drugs over the entire period of culture as described in 
"Materials and Methods". Each data point is the mean of three separate 
experiments. Bars, SD. 

iCso values: 3.87 ± 0.21 fiM for DDP and 0.79 ± 0.27 fiM for DPR, P < 
0.00] . 



observed in the V (Pt-N) region, but they may be due in part 
to the librational nnodes of the crystalline water (20, 21). The 
last important feature in the IR spectrum is one V (Pt-Cl) 
band at 330 cm'\ whose presence is, again, in agreement with 
the proposed structure (20). The UV spectrum of the 
compound is drastically changed by complexation compared 
to that of P.HCl: only a maximum absorption at 244 nm is 
present in the 220-350 nm region, whereas the UV spectrum 
of P.HCl shows two absorption maxima at 220 and 289 nm. 
This hyposochromic shift is consistent with that of the 
carbonyl in the IR spectrum. 

In the ^H-NMR spectrum the resonances of the aromatic 
protons in the ortho and meta position to the amino group in 
the complex are shifted downfield with respect to the parent 
P.HQ (about 0.6 and 0.3 ppm, respectively); these shifts 
further indicate that the primary amino group of P.HCl is 
involved in the coordination with platinum (22). The ^^^Pt 
chemical shift of DPR was -2373 ppm. 

Stability of DPR in water, in normal saline (NS), in phosphate 
buffer (PB) 250 mM, and in fetal calf serum (PCS) at 3T C. 
The HPLC (method 4) signals of DPR and procaine were 
used for monitoring the disappearance and decomposition of 
the complex in these media. The complex (0.5 mg/ml) loses « 
5% and « 20% in water and NS (T90 = 10 h), respectively, 
over a 24 h period. A correspondent production of procaine 
was measured. By monitoring the HPLC of DPR as a 
function of time, the half-hfe of this complex was determined 
to be 4 h in PB, pH 7.3, and no measurable degradation to 







(jiM) 


Leukemic cell lines 


DPR 


DDP 


Jurkat 


0.86 ± 0.16 


1.04 ± 0.23 


K562 


1.07 ± 0.36'' 


2.62 ± 0.23 



compared to untreated controls. Values are expressed as Mean ± SD 
from three experiments. All experiments were performed with continuous 
drug exposure for 24 h (see Materials and Methods). 
''P < 0.01 compared with cells exposed to DDP. 



procaine was observed at this time. A small amount of 
procaine (=^ 2% of the initial DPR concentration) was 
detected after 20 h incubation. These data, along with the 
new HPLC signals revealed, suggest that DPR undergoes 
transformation by reaction with phoshate, without involving 
the Pt-P.HCl bond. Filterable DPR showed a T50 = 1 h in 
FCS, while the concomitant procaine formation rate was 
similar to that observed in NS (T90 = 10 h). Since a T90 = 4 h 
was determined for procaine after incubation of P.HCl alone 
in FCS, the quantitation of procaine in the medium contain- 
ing DPR alone can be taken as a measure of the complex 
decomposition with a good approximation. This suggest that 
a very small amount of DPR degrades to P.HCl in FCS and 
that the decrease in DPR concentration can be regarded as 
consequence of its serum protein-binding or transformation 
occuring without loss of the P.HCl ligand. 

Cytotoxic activity on P388 cells in vitro. P388 cells were 
exposed to DDP and DPR for 4 and 24 h (continuous drug 
exposure), and IC50 values evaluated after overall 24 h 
incubation. As summarized in Table III, no significant 
differences were noted in the cytotoxic activity of DDP and 
DPR in the two different culture conditions used. The IC50 
values of DDP and DPR after 4 h [0.65 ± 0.22 (SD) \iM vs 
0.70 ± 0.28 (SD) jiM] or 24 h [0.40 ±0.11 (SD) yM vs 0.43 ± 
0.06 \iM] exposure of cells shows that the growth of P388 cells 
in culture is significantly inhibited by DDP and DPR 
treatment and that the cytotoxicity of both drugs tends to 
increase with the length of exposure. 

Cellular uptake studies. As shown in Figure 1, the relationship 
between drug dose and total cellular accumulation inside 
P388 cells approached linearity for both DDP and DPR. Hie 
uptake of platinum by P388 cells occurs more rapidly through 
cell membrane after DPR than after DDP exposure. In the 
cells exposed to DPR, the linear regression equations were y 
= 0.038X-0.0014, r 0.99, for 2 h exposure, and y = 
0.058X+0.0023, r = 0.99, for 4 h exposure; in the cells treated 
with DDP the equations were y = 0.019x -1-0.0076, r = 0.99, 
for 2 h exposure, and y = 0.032x+ 0.0094, r = 0.99, for 4 h 
exposure (Figure lA, B). Based on the slopes of the linear 
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Tabic V. Antitumor activity of DPR administered as a single i.p. injection". 



Complex 


Dose 


MST'' 


%1LS^ 


Survivors 


% change in 


36-day 




(mg/Kg) 


(days) 




at day 11 


weight at day 7 


survivors 


DPR 


37 


Toxic** 


Toxic 


2/6 


- 5.2 


0/6 


(water) 


30 


19 


58 


6/6 


- 4.4 


1/6 




28 


19 


58 


6/6 


+ 2.0 ' 


1/6 




21 


21 


75 


6/6 


+ 4.5 


1/6 - 




14 


17 


42 


6/6 


+ 4.9 


0/6 


DDP 














(saline) 


8 


21 


75 


6/6 


-10.6 


2/6 


(water) 


8 


19 


58 


5/6 


-18.7 


0/6 



'BDFl mice were inoculated i.p. with 10^ P388 cells and were administered the test complex the next day as a single i.p. jnjetion. '^MST = median 
survival time. *'%ILS = per cent increase in life span of lest mice over controls. '^Toxicity: < 4/6 mice alive on day 11 [MST of untreated tumour-bearing 
mice (n = 10) is 12 ± 0.6 days]. 



portion of the curves, about 50% less DPR is needed to attain 
the same levels of DDP accumulation in P388 leukemic cells 
after 2 h and 4 h exposure. In a separate experiment, where 
the P388 leukemic cells were exposed to DDP (16 \iM) and 
DDP + P.HCl (molar ratio 1:1), no differences in platinum 
uptake were observed (Figure 2). 

Cellular efflux studies, P388 ceils treated with DPR demons- 
trated similar efflux as compared to those treated with DDP. 
After 4 h, about 30% of accumulated cellular platinum had 
been removed from P388 leukemic cells exposed to DPR and 
DDP for 4 h at 37° C (Figure 3), 

Cytotoxic activity on human leukemic cell lines. The cytotoxic 
activity of DPR was tested on K562 and Jurkat leukemic cell 
Hues. In the human leukemic cell lines DPR showed a strong 
inhibition of pH]- thymidine incorporation. The specific 
cytotoxic activity of DPR, evaluated by the IC50S after 
continuous exposure for 24 h, was similar to, or higher (in 
K562 cells), than that of DDP (Table IV), To define further 
DPR cytotoxic activity on K562 human cell line, these cells 
were also tested in a clonogenic assay. Data obtained in 3 
experiments confirmed that the activity of DPR was better 
than that of DDP on this cell line (IC50S: 0.79 ± 0.27 vs 3.87 
± 0.21 nM, P < 0.001) (Figure 4). 

In vivo antitumor activity. The antitumor activity of DDP and 
DPR following a single i.p. injection is shown in Table V. In 
the P388 leukemia experiments in vivo DPR proved to be 
very active, displaying antitumor activity comparable to that 
obtained with the maximum tolerated dose (MTD) of DDP. 
However, DPR was found to be less toxic than DDP in terms 
of percent change in weight (+4.5% and -10.6%, respective- 
ly) at the dose producing the highest increase in life span 
(ILS% = 75%, Table V). 

Toxicological studies. When DPR was administered as a 
single i.p. injection to female BDFl mice, the LDio, LD50 
and LD90 calculated values were 26.3 ± L02, 39.3 ±4.1, and 
58.7 ± 1.08 mg/Kg, respectively. . 
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Table VI. PUN values (mgUOO ml) after treatment". 



Complex 






PUN 


Dose 
(mg/Kg) 


Day 4 


Day 7 


Control 




20 ± 2" 


21 2 


(saline) 








DDP 


16.5 


57 ± 12 


68 ± 8 


(saline) 








DPR 


39.3 


20 ± 3" 


22 ± 


(water) 









'Normal female BDFl mice were administered a single i.p. injection of 
the calculated LD50S for DDP (16.5 mg/Kg) and DPR (39.3 mg/Kg). PUN 
levels were determined 4 and 7 days later. ^'Mean ± SD (n = 8). ^'P < 0.01 
compared with DDP. 



No significant changes in PUN values were observed in 
mice receiving DPR, while the equitoxic dose of DDP 
produced elevated PUN values (Table VI). Whereas degen- 
erative changes localized to the murine proximal tubules were 
clearly evident after i.p. administration of 16.5 mg^g of 
DDP, kidneys from DPR treated mice did not show any 
difference in tubular damage (Figure 5) when compared to 
normal control kidneys. 

Discussion 

In the present study DPR and DDP efficacy against i.p. 
implanted P388 leukemia and cytotoxic effects in vitro on 
some leukemic cell lines were compared. Over the dosage 
range used, DPR appeared to have good activity in both in 
vivo and in vitro experimental studies. These results indicate 
that this platinum complex increases the life span of P388 
tumor-bearing mice as does the maximum tolerated dose of 
DDP (8 mg/Kg). Furthermore, at equimolar doses its 
cytotoxic effect was the same as that of DDP in the P388 and 
Jurkat cell lines, and even better in the K562 cell line. In 
addition, BDFl mice toxicity studies failed to detect PUN 
elevation and kidney lesions over the 7-day examination 
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Hgure 5. Light micrograph of cortical parenchyma from mouse kidney 
following single treatment with 39.3 mg/Kg DPR (i.e., LD50 dose). Mice 
were killed on day 7. The cortical parenchyma shows tubules with normal 
morphology, particularly as far as the striated border of the proximal 
convoluted tubules. (Original magnification x 400). 



period when DPR was given at LD50 value, suggesting that 
this complex is much less nephrotoxic than DDP. It is also 
noteworthy that DPR is highly water soluble as compared to 
DDP (> 50 mg/ml vs 1 mg/ml). These findings indicate that 
DPR, compared to DDP, has a similar or stronger cytotoxic 
effect on leukemic cells and a lower nephrotoxicity. These 
results are particularly relevant, since all DDP analogues that 
have been synthesized to reduce DDP renal toxicity and 
other side effects and to increase water solubility have been 
shown to be less nephrotoxic but also less cytotoxic. 

As regards the chemical characteristics, DPR is peculiar 
both for its structure and antitumor activity. The majority of 
the amine analogues of DDP are in the form ^-(PtAzXi), 
where A is an amine ligand and X is an anionic leaving group 
(15, 23). Generally, the active DDP analogues are neutral 
complexes which bind to DNA in a bidendate fashion (24, 
25). Recent studies by Mollis et al (15, 26) showed that 
cationic platinum-triamine analogues also display activity 
against murine tumors, although they are expected to bind to 
DNA in a monodentate fashion. Our results indicate that the 
primary amino group of P.HCl is involved in the coordination 
with platinum and that this new cationic platinum-triamine 
complex also displays good cytotoxic and antitumor activity 
in both in vitro and in vivo experiments. The *^^Pt chemical 
shift value for DPR (-2373 ppm) is comparable to those 
presented by Hollis et al (15) for a series of Pt-triamine 
complexes, suggesting that the ligand has a good donor 
strength despite the low basicity of the aromatic amino group 
of P.HCL The question of whether DPR remains intact in 
medium and ceils or whether it may degrade to its parent 
forms was investigated in biological media. The findings 
suggest that, while DPR is highly stable in water, the complex 



could react in the presence of chloride or phosphate ions. 
DPR loses ^ 20% over a 24 h period in normal saline and a 
correspondent production of procaine was measured. This 
amount of procaine was too low to account for the obser\'ed 
protective effect exerted by P.HCl on DDP toxicity (16). In 
fetal calf serum the half-hfe of DPR was about 1 h. a 
sufficient time to hypothesize that the cells could be exposed 
to intact DPR following administration in vivo. Interestingly, 
in the phosphate buffer medium at a concentration of 150 
mM (similar to that found inside the cell), the compound was 
transformed in uncharacterized Pt-complexes without any 
relevant loss (== 2%) of P.HCl ligand. These findings indicate 
that P.HCl in the complex can be vewed as a ligand of 
moderate (normal saline, fetal calf serum) or quite low 
lability (water, phosphate buffer solution). Although DPR 
cannot be considered in every respect a triamine-platinum 
complex of the type described by HoUis et al (15, 26), these 
findings suggest that DPR has its own pharmacological 
activity. 

The present study demonstrates that the in vitro cellular 
uptake of DPR is increased considerably after both 2 and 4 h 
exposure compared to DDP in P388 cells. Cellular uptake is 
not necessarily related to cytotoxicity which mainly depends 
on binding with DNA and interaction with other intracellular 
targets. In the case of 4 h exposure, indeed, IC50 values w^ere 
similar for DPR and DDP, although significantly higher 
amounts of Pt-uptake from DPR treated cells and no 
differences between DPR and DDP in cellular efflux were 
noted. However, the fact that no difference in Pt uptake was 
noted between cells exposed to DDP and DDP+P,HC1 
(molar ratio 1:1) eliminates the mechanistic possibility that 
DPR influences the cellular uptake of platinum and exhibits 
activity only after decomposition into its parent forms. 

While detailed studies are required to investigate the 
mechanism of action of DPR at the cellular and molecular 
level, our results indicate that DPR may be a promising new 
platinum anticancer agent for preclinical development. 
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Summary. Taxol (paclitaxel), an anti-microtubule agent 
extracted from the needles and bark of the Pacific yew 
tree Taxus brevifolia, Ms shown a remarkable anti-ifeo- 
plastic efiect m human cancer in phase I studies and early 
phase II and III trials thus far conducted. This has been 
reported primarily in advanced ovarian and breast can- 
cer, although significant activity has also been documerft- 
ed in small-cell and non-small-cell lung cancer, heaa and 
neck cancers, and with lower activity in metastatic 
melanoma. The clinical utilization of Taxol had been pre- 
viously somewhat restricted by its limited availability a 
limitation that has recently been overcome by combined 
efforts of pharmaceutical, agricultural, and governmen- 
tal agencies. In this review we shall address the pre-clini- 
cal data which have led to the use of Taxol in man, the 
main clinical results thus far obtained, the toxicities asso- 
ciated with Its use, current ongoing trials and future clin- 
ical directions of this promising agent. 

Key words: Taxol (paclitaxel) - Anti-neoplastic activity - 
Ovarian and breast cancer 



Introduction 

Since the introduction of the anthracyclines and cisplatin 
the Identification of new agents with significant activity 
m cancer has been slow. Taxol is arguably the most im- 
portant and novel new addition to the chemotherapeutic 
armamentarium this decade. As can be the case for many 
promising developments in clinical oncology, the initial 
extent and tone of media coverage regarding Taxol's util- 
ity may misrepresent its eventual clinical utility. Howev- 
er, there is certainly reason for much optimism, although 
not unbridled enthusiasm. 
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Taxo) IS a novel diterpenoid plant product derive 
A "'/•i'?^ '^'f. bark of the Western yew Taxi 
brevMia [1], which has subsequently been found in th 
ea.v'es, stems, and roots of other Taxus species. Interest i 
,this compound goes back to the 1960s when a Natiom 
< Cancer Institute-sponsored study on over 35,000 plar 
N species led to the discovery that bark extracts from th 
Taxus brenfolia yew displayed anti-neoplastic activit 
against different experimental tumors [1, 2]. Despite it 
remarkable activity, several concomitant factors contrib 
uted to limit Its development and possible clinical ex 
ploitation. These included formulation obstacles due t. 
the aqueous insolubility of Taxol, and hypersensitivif 
reactions that occurred when the agent was solubilized ii 
the suitable vehicle Cremophor. They also involved pub 
ic policy decisions regarding the difficulties in extractini 
large amounts of this natural product from trees founc 
in forests in the Pacific Northwest region of the Unitec 
otates. 

Interest in Taxol was revitalized by the recognition o 
Its unique biological properties and anti-tumor mode oi 
action [3-5]. Despite difficulties in obtaining sufficien. 
quantities of Taxol and serious conservation issues posed 
by the need to harvest mature bark, sustained efi-ort< 
continue in the development of this compound Recent 
public policy initiatives coupled with intensive efforts 
from the pharmaceutical and agricultural industries 
strive to ensure an adequate supply of Taxol. Efforts 
continue toward procuring adequate amounts of a syn- 
thetic or semi-synthetic form of this complex organic 
molecule. Its increased availability has enabled the per- 
formance of necessary pre-clinical and toxicological stud- 
ies, and conduct of clinical investigations, including 
phase in clinical trials in different neoplastic conditions 
In the present review we shall briefly discuss the mech- 
amsm of action of . Taxol, the pre-clinical screening stud- 
ies, the early clinical results obtained following its in vivo 
use in advanced tumors, the initial phase II trials, and 
linally, the ongoing studies and future perspectives for 
this promising anti-cancer agent. 
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Mode of action 

Taxor is directed against microtubules, ubiquitous cellu- 
lar structures which play a key role in the initiation of 
DNA synthesis, mitosis, and other critical interphase 
functions, such as motility, maintenance of shape, intra- 
cellular transport, and signal transduction [6]. Much of 
the in vitro pre-clinical work which has enabled elucida- 
tion of the mode of action of Taxol has been performed 
at the Albert Einstein College of Medicine in New York 
[3^ 5-7], These researchers demonstrated that Taxol 
binds preferentially to microtubules and that its binding 
site is different from that of other anti-microtubule 
agents, such as colchicine, vinca alkaloids, and podophyl- 
lotoxin (4, 7, 8] . In fact, the overall effect of Taxol, that 
of binding to tubulin and of promoting the assembly of 
microtubules with stabilization against depolymerization 
[3, 7, 8], is different from that of other anti-microtubule 
products, which induce disassembly or prevent proper 
assembly of microtubules. 

Taxol induces the formation of microtubule polymer- 
ization by shifting the tubulin dimer-polymer equilibrium 
in favor of polymer assembly and by eliminating the lag 
period prior to tubulin assembly. Cells treated with Taxol 
give rise to abundant disorganized microtubules, often in 
the form of parallel bundles [9]. These occur during all 
phases of the cell cycle. Microtubules become stable and 
this leads to an inhibition of the normal process of dy- 
namic reorganization of the microtubule compartment. 
Following exposure to Taxol, there is an arrest in the 
growth of the murine P388 leukemia, as well as of HeLa 
cells and BALB/c mouse fibroblasts in the G2 and M 
phases of the cell cycle [10], This observation has led to 
studies evaluating the role of Taxol as a potential radia- 
tion sensitizer [11], 



Pre-clinical studies 

The possibility that this compound could have a role 
in the management of cancer patients was suggested by 
extensive pre-cHnical studies at the National Cancer 
Institute (Bethesda, Md., USA) which allowed the dem- 
onstration of its activity against a variety of tumors [11, 
12]. This was largely promoted by the impressive anti- 
tumor activity shown against the murine B16 melanoma 
cells. Remarkable anti-tumor efficacy was also recorded 
against the human MX-1 mammary tumor xenograft. 
Moderate s.c. activity was shown against the human 
CX-1 colon and LX-1 lung tumor cell lines and against 
i.p. implanted P388 and LI 210 murine leukemia cell 
lines. In contrast, Taxol proved ineffective against the s.c. 
implanted murine CdSFj mammary and colon 38 car- 
cinomas and the i.v. implanted Lewis lung carcinoma. 
Other studies have shown the potentially important ac- 
tivity of Taxol against a variety of tumors. Tumor regres- 
sion has been reported in nude mice implanted with hu- 
man breast carcinoma cells, as well as in vivo growth 
delays for human endometrial, ovarian, brain, tongue, 
and lung tumors. 
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Clinical investigation - 

Single agent trials 

Phase I. In view of its aqueous insolubility, Taxol has had 
to be dissolved in a diluent, Cremophor EL, a mixture of 
50% ethanol and 50Vo polyoxyethylated castor oil. This 
vehicle alone is capable of inducing significant hypersen- 
sitivity reactions in dogs [13]. The first phase I clinical 
trials were initiated back in the early 1980s and over the 
years different schedules of administration have been at- 
tempted. These include daily continuous i.v. infusions 
every 14 or, more frequently, 21 days over a 1-, 3-, 6-, or 
24-h period. The possibility of administering lower doses 
of Taxol i.v. in 1 or 6 h over 5 consecutive days every 3 
weeks has also been contemplated- The continuation of 
the early trials was jeopardized by some severe side effects 
[14]. These consisted largely of acute hypersensitivity re- 
actions, which could at least in part have been related to 
the vehicle formulation. Since the side effects were more 
frequent and severe when Taxol was administered over a 
short time period (<6 h), the subsequent phase I studies 
were carried out to assess whether a 6- or 24-h i.v. infu- 
sion could lead to a more acceptable toxicity profile. 
These studies demonstrated that the use of a more pro- 
longed infusion time (24 h) and the concomitant use of 
prophylactic steroids and histamine receptor antagonists 
as anti-allergic pre-medication could decrease the inci- 
dence and severity of acute hypersensitivity reactions. 

While the problem of unacceptable early toxicity 
could be solved by adopting pre-medication and a differ- 
ent schedule of administration, numerous other side ef- 
fects have been observed with Taxol treatment, some- 
times independently of the schedule and dose employed. 
These, which will be discussed in more detail later, have 
not hampered continuation of further clinical trials. 

Overall, the early phase I studies allowed the National 
Cancer Institute to put forward initial recommendations 
for the clinical use of Taxol: i.e., a safe schedule of admin- 
istration (by continuous i.v. infusion over a 24-h period 
every 21 days, with anti-allergic pre-medication) and 
dose range (170-250 mg/m^ body surface area, depend- 
ing upon extent of prior exposure to cytotoxic therapy). 
Furthermore, these studies demonstrated the potential 
anti-neoplastic activity of this compound, with responses 
observed in several types of human malignancies. 

As dose-limiting toxicity at higher Taxol doses consist- 
ed predominantly of neutropenia, phase I trials of Taxol 
alone and in combination with other cytotoxic agents in 
conjunction with hematopoietic growth factor support 
have been performed. In a phase I study conducted at the 
National Cancer Institute, Taxol could be safely dose 
escalated from the standard 175mg/m^ every 21 days 
(58.3 mg/m^ per week dose intensity) to 250 mg/m^ every 
21 days (83.3 mg/m^ per week) in 15 patients with plat- 
inum-refractory recurrent advanced-stage ovarian can- 
cer, with the concurrent administration of granulocyte- 
colony-stimulating factor (G-CSF) at 10 }ig/kg per day 
by s.c. injection [15]. Since a steep dose-response rela- 
tionship has been observed for cisplatin in ovarian cancer 
[16], the concomitant, use of G-CSF may allow for a 



similar evaluation of the role of dose intensity of Taxol in 
this and other malignancies. A summary of the phase I 
single-agent clinical trial data is shown in Table 1. 

Phase II-IIL The early phase II trials, initially restricted 
by the quantities of Taxol available, were conducted on 
limited numbers of patients with selected neoplastic 
conditions. With an increased supply of Taxol, the last 
2 years have witnessed a rapid expansion of both phase II 
and phase III studies. Phase II trials have thus far been 
conducted in ovarian carcinoma, breast cancer, small- 
cell and non-small-cell lung cancer, head and neck 
cancer, metastatic melanoma, colon cancer, cervical 
cancer, prostate cancer, and renal cell carcinoma. Trials 
are presently ongoing in other adult solid and hematolog- 
ical malignancies, including gastric, esophageal, pancre- 
atic, hepatocellular, endometrial, germ cell, and bladder 
carcinomas, sarcoma, myeloma, acute leukemia and 
lymphoma, as well as in pediatric malignancies. Table 2 
summarizes the phase II clinical trials of Taxol as mono- 
therapy to date [14, 17-32]. The most impressive results 
have thus far been observed in advanced ovarian cancer- 
Four independent groups - the Johns Hopkins Oncol- 
ogy Center, the Gynecology Oncology Group, the Medi- 
cine Branch of the National Cancer Institute, and the 
Albert Einstein College of Medicine - have published 
that objective responses may be expected in 20% -50% 
of patients [17-20]. It is important to note that responses 
were observed in patients who had had extensive prior 
chemotherapy, including patients with platinum-resis- 
tant carcinoma. A dose-response relationship has been 
suggested for Taxol in ovarian cancer in a multicenter 
European-Canadian randomized phase III clinical trial 
addressing the issue of dose and readdressing the issue of 
infusion duration [33]. In this bifactorial trial design, 
patients were randomized to receive Taxol at 135 or 
175mg/m^ by either a 3- or 24-h infusion. With 298 
evaluable patients, responses were observed in 24% of 
patients treated on the higher dose arm, and in 13% of 
patients on the lower dose arm. The duration of drug 
infusion is presently an area of renewed interest in the 
light of evidence for the safety of a 3-h infusion in two 
large European-Canadian randomized trials [33, 34] and 
the more convenient administration of the shorter infu- 
sion. 

Another exciting area in which early data show a high 
level of anti-tumor activity for Taxol is in the treatment 
of breast cancer. In the initial phase II study carried out 
in 25 women with metastatic breast cancer who had re- 
ceived only one previous chemotherapy regimen, an 
objective response rate of 56% has been reported [22]. 
Although neutropenia was the dose-limiting factor, neu- 
tropenic fever occurred in only 5%) of 232 courses admin- 
istered. DaU accumulated at the Memorial Sloan-Ketter- 
ing Cancer Center, in a confirmatory phase II trial of 
Taxol in metastatic breast cancer patients, show that the 
addition of prophylactic recombinant G-CSF, while 
shortening the duration of neutropenia and allowing re- 
treatment every 21 days, did not allow for increasing the 
Taxol dose above 250 mg/m^ [23]. Objective responses 
were observed in 62% of patients who had not received 
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Table L Phase I trials of Taxol 



Investigator/ 
institution 


Schedule (mg/m^) 


MTD 


DLT 


MDACC 


1 h i.v. 5 days every 3 weeks 


40 


Leukopenia 


UWisc 


1 h or 6 h i.v. 5 days 
every 4 weeks 


30 


Leukopenia 


DFFC 


24 h continuous i.v. 5 days 
every 3-4 weeks 


30 


Leukopenia 


MSKCC 


3 h i.v. 1 day every 3 weeks 




Hyper- 

^en<;itivitv 


JHOC 


1 h or 6 h i.v. 1 day 
every 3 weeks 


265 


Leukopenia 


Einstein 


l-6h i.v. 1 day every 3 weeks 

24 h continuous i.v. 1 day 
every 3 weeks 


275 
275 


Leukopenia 
Neuropathy 
Neuropathy 


Mount Sinai 


24 h continuous i.v. 
every 3 weeks 


300 


Leukopenia 


JHOC 


24 h continuous i.v. 
every 3 weeks 


390 


Mucositis 


UT-S.A: 


6h i.v. every 3 weeks 


275 


Leukopenia 
Neuropathy 


NCI 


24 h continuous i.v. 
every 3 weeks ( + G-CSF) 


250 


Neuropathy 



MTD, Maximally tolerated dose; DLT, dose-limiting toxicity; 
MDACC, M.D. Anderson Cancer Center; MSKCC, Memorial 
Sloan-ICettering Cancer Center; JHOC, Johns Hopkins Oncology 
Center; NCI, National Cancer Institute (USA); UT-S.A., Univer- 
sity of Texas-San Antonio; DFCC, Dana Farber Cancer Center; 
G-CSF, granulocyte-colony-stimulating factor 



Table 2. Phase H trials of Taxol 



Tumor 



Ovarian 



Renal 
Breast 

Cervical 

Colon 

Gastric 

Head and neck 

Lymphoma 

Melanoma 

NSCLC 

Pancreas 
Prostate 
SCLC 



Investigator/institution Activity Reference 



McGuire/JHOC 

Einzig/Einstein 

Thipgen/GOG 

Sarosy/NCI 

Einzig/ECOG 

Holmes/MDACC 

Reichman/MSKCC 

McGuire/GOG 

Einzig/ECOG 

Einzig/ECOG 

Forastiere/ECOG 

Wilson/NCI 

Einzig/ECOG 

Legha/MDACC 

Chang/ECOG 

Murphy/MDACC 

Brown/UT-SA 

Roth/ECOG 

Ettinger/ECOG 



+ -f 

+ + -J- 

+ -1- + 

-I- -1- -f- 

+ + -f- 

+ -I- -I- 



+ + 

-h ■ 
-f- 

-f- + 

-h + 



-f + 



[17] 
[18] 
[19] 
[20] 
[21] 
[22] 
[23] 



[24] 
[25] 
[26] 
[27] 
[28] 
[29] 
[30] 
[31] 
[14] 
(321 



NSCLC, Non-small^cell lung carcinoma; SCLC, smali-cell lung 
carcinoma; GOG, Gynecology Oncology Group; ECOG, Eastern 
Cooperative Oncology Groiip 
" Unpublished information 
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Table 3. Randomized trials of Taxol in breast cancer 



Group/study 



Trial design 



European/Canadian . 
(BMS-048) - 
European (BMS-071) 

CALGB 
NSABP 
ECOG 



NCI (TRC 9301) 



175 vs, 135mg/m^ 3h 

175 mg/m^ ~* MTD, 3 vs. 24 h 

250 mg/m^ +G-CSF vs. 175 mg/m^ 3 h . 

250 mg/m^ +G-CSF, 3 vs. 24 h 

Taxol 175 mg/m^ (24 h) vs. 

doxorubicin 60 mg/m^ vs. Taxol 1 50 mg/m^ 

+ doxorubicin 50 mg/m^ + G-CSF 

Taxol 175 mg/m^ (3 h) every 3 weeks 

vs. vinblastine 5.5 mg/m^ every week 



CALGB, Cancer and Leukemia Group B; NSABP, National Surgi- 
cal Adjuvant Breast Project 



hematopoietic support of G-CSF have been performed, 
and phase II trials of Taxol in combination with cisplatin 
and G-CSF are ongoing, 

A phase II study has been conducted in metastatic 
melanoma patients who had not received prior chemo- 
therapy [27]. Three complete and one partial response, 
with an overall response rate of 14%, were recorded in 
34 treated patients. Two of the three complete responses 
have been durable. Legha et al. [28] reported a similar 
experience in metastatic melanoma, indicating that Taxol 
may be an active agent for a modest proportion of pa- 
tients with malignant melanoma. No objective responses 
have been registered in patients with untreated renal cell 
carcinoma [21]. Taxol was found to be similarly inactive 
in colorectal cancer and cervical cancer. 



prior chemotherapy for metastatic breast cancer, mirror- 
ing the results of Holmes et aL [22]. 

Significant activity and tolerability have also been 
documented in patients receiving Taxol after failure of 
prior chemotherapy for advanced breast cancer. In a trial 
of Taxol at 200 mg/m^ via a 24-h continuous infusion 
every 3 weeks with G-CSF, partial respones were ob- 
served in 25 of 76 pre-treated patients (33%, 95% confi- 
dence interval 23% -45%) [35]. In a subset of 51 patients 
receiving Taxol after at least two prior chemotherapy reg- 
imens for stage IV disease, partial responses were observed 
in 14 (27.5%, 95% confidence interval 16% -42%). Qual- 
ity of life measurements have been performed in parallel 
with this study to more comprehensively assess the impact 
of Taxol in this setting [36]. An ongoing trial at M.D. 
Anderson Cancer Center in Houston, Texas (USA) is also 
presently evaluating the activity of Taxol in more heavily 
treated metastatic breast cancer patients [37]. 

Activity observed in the initial phase II trials have 
provided the impetus for randomized phase III studies 
which address the issue of optimal dose and infusion 
duration, among others. A summary of ongoing and 
planned phase III trials of Taxol in breast cancer is listed 
in Table 3, In an interim analysis of 245 patients in a large 
European-Canadian study comparing Taxol at 135 and 
175 mg/m^, both via a 3-h infusion, 22% and 29% re- 
sponded, respectively [34] . Treatment was well tolerated 
by these patients who had received either adjuvant thera- 
py alone (31 %), metastatic therapy alone (37%), or both 
(32%). At 175 mg/m^, responses were observed as fre- 
quently in patients who were refractory to anthracycline 
as in those patients who were sensitive. Results from the 
xDther trials listed have not yet been reported. 

Based on clinical results obtained thus far, which 
clearly demonstrate the significant anti-tumor activity of 
Taxol in the treatment of metastatic breast cancer, a 
clinical trial incorporating Taxol into an adjuvant regi- 
men for the post-operative management of high risk stage 
II -III resectable breast cancer is ongoing at Memorial 
Sloan-Kettering Cancer Center. Additionally, Taxol will 
be evaluated in the neoadjuvant setting for locally ad- 
vanced stage III breast cancer at other centers. Finally, 
phase I trials evaluating Taxol with doxorubicin with the 



Combination trials 

Phase /. The ability to develop effective combination 
regimens of Taxol with other active chemotherapeutic 
agents remains a challenge for this decade. The impetus 
for clinical studies aimed at assessing the efficacy of Taxol 
in combination with cisplatin derives largely from the 
evidence that Taxol has proven to be active in patients 
pre-treated with cisplatin, including cisplatin-resistant 
cases. Rowinsky et al. [38] have evaluated Taxol and cis- 
platin in sequence at the Johns Hopkins Oncology Center 
(Baltimore, USA) in minimally pre-treated patients with 
solid tumors. Despite the combined use of two potentially 
neurotoxic agents, mild to modest neurotoxicity occurred 
in only 27% of the 42 patients treated. Neutropenia 
was the main toxic side effect and was dose dependent. 
The use of cisplatin before Taxol caused a more pro- 
found neutropenia compared with the reverse sequence 
iteration. Interestingly, pharmacokinetic studies have 
demonstrated delayed Taxol clearance when adminis- 
tered after cisplatin. Objective responses were document- 
ed in melanoma, non-smail-cell lung, ovarian, breast, 
head and neck, colon, and pancreatic carcinomas, sug- 
gesting that phase II/III studies with Taxol and cisplat- 
inum should be considered. Higher escalating dose proto- 
cols are to be considered only in conjunction with hema- 
topoietic growth factors. A phase I trial of Taxol fol- 
lowed by cisplatin with G-CSF in patients with solid tu- 
mors found neuropathy to be dose limiting at 300 mg/m^ 
of Taxol with 75 mg/m^ cisplatin [39]. 

A phase I trial of the combination of doxorubicin and 
Taxol with the hematopoietic support of recombinant 
human G-CSF in patients without previous chemo- 
therapy for metastatic breast cancer unexpectedly found 
stomatitis and neutropenia to be dose limiting at modest 
doses of both agents [40]. At a doxorubicin dose of 
60 mg/m^ (over 48 h on days 2 and 3) with Taxol at 
125mg/m^ by 24-h continuous i.v. infusion on day 1, 
4 patients experienced grade 3 stomatitis or neutropenia 
with infection, requiring dose reduction of doxorubicin 
to 48 mg/m^. In the reverse sequence iteration, the maxi- 
mally tolerated doses of doxorubicin and Taxol were 
60 mg/m^ and 1 80 mg/m^, respectively; ongoing pharma- 
cokinetic studies may explain the sequence-dependent 
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toxicity of these agents, similar to the cisplatin/Taxol 
combination (E Holmes, personal communication). An- 
other phase I trial designed to determine the maximally 
tolerated doses of Taxol and doxorubicin administered 
concurrently by 72-h continuous infusion with recombi- 
nant human G-CSF support found gastrointestinal toxic- 
ity (typhlitis) and leukopenia to be dose limiting at 
75 mg/m^ of doxorubicin and 180mg/m^ of Taxol [41, 
42]. Further clinical and pharmacological studies may 
provide clues to the optimal dose, schedule, and sequence 
of these two agents. 

Other phase I trials are presently evaluating various 
"doublet" combinations of Taxol, some with and some 
without growth factor support. Agents that are already 
in, or may soon be in, combination trials with Taxol 
include edatrexate (10-ethyl-deaza-aminopterin), carbo- 
platin, ifosfamide, etoposide, topotecan, and cyclophos- 
phamide [43], among others. In addition, the combina- 
tion of Taxol plus cyclophosphamide plus cisplatin with 
G-CSF is presently under evaluation [44]. 

Phase II-IIL Presently ongoing phase II/III trials involv- 
ing Taxol in combination with other agents include those 
combining Taxol with cisplatin, carboplatin, or cyclo- 
phosphamide in ovarian cancer, with cisplatin in non- 
small-cell lung cancer and head and neck cancer, and 
with doxorubicin in metastatic breast cancer. A phase III 
study of the Gynecology Oncology Group randomizing 
previously untreated stage III -IV ovarian cancer pa- 
tients to cyclophosphamide 750 mg/m^ plus cisplatin 
75 mg/m^ or to Taxol 135 mg/m^ 1 day prior to cisplatin 
75 mg/m^, both recycled every 21 days for six cycles, has 
shown a higher response proportion and longer progres- 
sion-free survival for the latter protocol [45]. A phase II 
trial assessing the feasibiUty of sequential doxorubicin, 
Taxol, and high-dose cyclophosphamide for breast can- 
cer patients in the high-risk adjuvant setting is ongoing, 
based on promising prior experience at Memorial Sloan- 
Kettering Cancer Center [46]. 



Toxicity 

Allergic hypersensitivity reactions 

During the earlier trials of Taxol in the mid 1980s, infre- 
quent episodes of hypotension, urticaria, wheezing, and 
dyspnea were noted. These often occurred within 2- 
3 mih of the initiation of the infusion, and most were 
noted within the first 30-90 min after the infusion began. 
Based on the successful reduction in similar reactions 
related to iodinated contrast materials, the National 
Cancer Institute recommended prophylactic anti-allergic 
pre-medication with dexamethasone 20 mg i.v. or orally 
14 and 7 h before Taxol treatment, and diphenhydramine 
50 mg i.v. with cimetidine or ranitidine, 300 mg or 50 mg 
i.v. 30 min before Taxol. Weiss et al. [47] noted 16%, 13%, 
and 7% incidence rates of these apparent type I hyper- 
sensitivity reactions after 3-, 6-, and 24-h infusions of 
Taxol, respectively. The majority of 24-h infusions were 
administered after pre-medication with dexamethasone. 
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diphenhydramine,--and cimetidine; thus, the relationship 
between infusion duration and the incidence of these re- 
actions was unclear. More recent data from two large 
randomized trials suggest that there is no significant dif- 
ference in the incidence of significant hypersensitivity re- 
actions between 3- and 24-h Taxol infusions, when both 
are delivered with anti-allergic pre-medication [33, 34], 
with a low incidence observed with either 3- or 24-h 
schedules at 135 and 175 mg/m^ dose levels. 

The relative contribution of Taxol itself versus the 
Cremophor EL vehicle in the etiology of these reactions 
remains unclear. Similar histamine-mediated reactions 
related to Cremophor have been noted in dogs [13], and 
with other drugs solubilized in Cremophor and adminis- 
tered to humans (cyclosporine, teniposide, didemnin B, 
vitamin K) [48] . Despite the lack of a clear understanding 
of whether Taxol itself or Cremophor is causative in these 
reactions, due to the apparent lower incidence of these 
reactions observed with anti-allergic pre-medication, the 
aforementioned regimen has become standard before the 
administration of Taxol. Interestingly, with slower infu- 
sion rates of Taxol, allergic reactions are uncommon, and 
prophylactic anti-allergic pre-medication may be unnec- 
essary [26] . The ability to retreat patients with Taxol after 
major hypersensitivity reactions has been shown [49], 
and may be at least in part related to a slower infusion 
rate. 



Hematological toxicity 

Hematological toxicity due to myelosuppression consists 
mainly of neutropenia, which occurs in the great majority 
of patients and is the main dose-limiting factor. Pharma- 
cokinetic studies have demonstrated a relationship be- 
tween Taxol AUC (area under the time versus concentra- 
tion curve) and the severity of leukopenia [50]. The sever- 
ity of the neutropenia is also related to the extent of prior 
cytotoxic chemotherapy and to the extent of radiation in 
marrow-bearing sites. This may contribute to the occur- 
rence of febrile neutropenic episodes, not infrequently 
encountered in Taxol-treated patients. In vitro studies 
have also shown that Taxol is capable of affecting the 
function of neutrophils by inhibiting both their locomo- 
tion and bacterial killing [51]. In contrast, anemia and 
thrombocytopenia are usually not as pronounced. 



Neurotoxicity 

Taxol has been noted to cause a predominantly sensory 
peripheral neuropathy, most commonly characterized 
by numbness and paraesthesias in the feet and hands 
("glove-and-stocking neuropathy") [52]. This phenom- 
enon appears to be dose related, with a high incidence at 
doses in excess of 275 mg/m^, and a much lower incidence 
at doses below 170 mg/m^. Symptoms can occur within 
several days after Taxol, usually resolving within 5-7 
days. Neurotoxicity can be cumulative and progressive, 
but usually resolves completely within several weeks tc 
nnionths after discontinuation of Taxol. 
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Neurological examination often initially reveals di- 
minished deep tetidon reflexes, with subsequent sensory 
deficits in distal extretnities. Sensory abnormalities evalu- 
ated in symptomatic patients by electrophysiological 
testing show changes consistent with axonal degeneration 
and demyelination [52], findings similar to those ob- 
served in murine systems [53, 54]. One important issue 
relates to the possibility that the frequency and intensity 
of neurotoxicity following the administration of Taxol 
could be greater in patients who have been previously 
treated with cisplatin or with vinca alkaloids. Results 
thus far reported have, however, failed to conclusively 
document this. Early studies of Taxol in combination 
with cisplatin, that have included careful neurological 
monitoring, have shown a higher incidence of neurotoxic 
events than reported with either agent used singly [38]. 



Cardiac arrhythmias 

Taxol administration has been associated with a variety 
of cardiac rhythm disturbances, which have been well 
described in a prior review by Rowinsky et al. [55]. Car- 
diac toxicity led the National Cancer Institute to publish 
a letter in 1990 alerting investigators of this possible 
complication, particularly for patients receiving cisplatin 
and Taxol. This includes, most commonly, asymptomatic 
bradycardia, which has not precluded the use of Taxol. 
Other conduction abnormalities, including varying de- 
grees of A-V nodal block and even transient asystole in 
1 patient, have been observed. Additionally, ventricular 
ectopy and tachycardia have been noted during Taxol 
infusions in a phase I study of Taxol with cisplatin [38]. 
The broader experience with Taxol as a single agent when 
administered by 24-h infusion in many phase II trials 
would indicate that these events are particularly infre- 
quent, although patient eligibility for these trials has 
generally excluded patients with a history of significant 
conduction abnormalities, arrhythmias, and those taking 
medication known to affect the cardiac conduction sys- 
tem (e.g., ^-blockers, digitalis). 



Gastrointestinal effects 

Taxol-induced mucositis has been uncommon in clinical 
trials in patients with solid tumors, although it has been 
observed as a dose-limiting toxicity in a previous study in 
patients with leukemia [56], at doses in excess of those 
now commonly employed in clinical trials. Pathophysio- 
logical correlation has demonstrated Taxol-induced mi- 
crotubular aster formation in damaged epithelial cells, 
suggesting mitotic arrest of proliferating mucosal cells 
[57]. Occasionally, esophagitis may be observed, in ad- 
dition to oral mucosal ulceration. As previously men- 
tioned, typhlitis (cecal inflammation) has been observed 
in a phase I trial combining Taxol and doxorubicin via 
simultaneous 72-h infusion [42]. 

Taxol administration is occasionally associated with 
nausea and vomiting, although these side effects are 
uncommon. Prophylactic anti-emetics are not routinely 



administered due to the tow incidence of nausea and 
vomiting. Diarrhea has also been reported. 

Alopecia 

Reversible total/near-total hair loss is almost universally 
observed in Taxol-treated patients. Scalp hair loss usually 
begins within 2-4 weeks of the initial dose. Hair loss may 
include eyebrows and lashes, and also axillary, pubic, and 
extremity hair. Hair regrowth has been observed in sever- 
al patients who continue to receive Taxol at doses of 
150-180 mg/m^ in a phase II trial in metastatic breast 
cancer (A. D. Seidman, unpublished data). 



Other side effects 

Fatigue and malaise have been reported, particularly in 
patients who have had extensive prior therapy and in 
whom these symptoms can be rather pronounced. Myal- 
gias and arthralgias have been noted and are usually 
successfully managed with non-narcotic analgesics, such 
as acetominophen or non-steroidal anti-inflammatory 
agents. Additionally, headache, taste alterations, and 
atypical chest pain have been reported, as have minor 
elevations in liver and renal function tests. The contribu- 
tion of Cremophor to any of these side effects is unclear. 



i.p. Taxol 

Apart from its activity in advanced and platinum-resis- 
tant ovarian cancer when administered systemically, 
Taxol's large structure and physicochemical characteris- 
tics make it an idea! candidate for i.p. delivery. A phase P 
investigation performed by Markman et al. [58] evaluat- 
ed the i.p. administration of Taxol in heavily pre-treated 
patients. At doses in excess of 125 mg/m^ administered 
every 3-4 weeks, severe abdominal pain became dose 
limiting [58]. Pharmacokinetic studies demonstrated a 
high ratio of i.p. systemic exposure (AUC), with i.p. Tax- 
ol concentrations in the range previously shown to be 
necessary for in vitro activity. Preliminary phase I and 
pharmacological data suggest an advantage for weekly 
i.p. administration [59]. 



Taxotere (docetaxel) 

In an effort to procure a readily available source of Taxol 
or a related active analog, a collaboration between the 
French Centre National de la Recherche Scientifique and 
Rhone-Poulenc Rorer has led to the development of 
Taxotere (docetaxel). Taxotere is a semi-synthetic analog 
of Taxol derived from a common precursor molecule 
(baccatin III) extracted from the needles of the European 
yew, Taxus baccata. Since this process is not dependent 
upon bark, trees can therefore be harvested without being 
destroyed, and thus a renewable and readily available 
source for this compound is possible. 
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Table 4. Phase H trials of taxotere (docetaxel): preliminary results 



Tumor 
type 


Center 


No, of 

patients 

evaluated 


Prior 
Rx. 


RR (95% CI) 


Ovary 


EORTC (CSG) 


34 


+ 


35% (20-54) 




MDACC 


20 


+ 


35% (15-59) 


Breast 


MSKCC 


29 


_ 


76% (57-90) 




ECTC 


24 


+ 


54% (33-74) 




EORTC (CSG) 


32 




72% (53-86) 




NCIC CTG' 


34 




65% (47-80) 




MDACC 


6 




67% (22-96) 


NSCLC 


EORTC (ECTG) 


24 




33% (16-55) 




UT-S.A. 


29 


± 


21% (8-40) 




MSKCC 


18 




28% (10-54) 



' Updated from Proc Am See Clin Oncol 12:63, 1993 
EORTC (CSG), European Organization for Research and Treat- 
ment of Cancer (Clinical Screening Group); ECTG, Early Clinical 
Trials Group; NCIC CTG, National Cancer Institute of Canada 
Chnical Trials Group; RR, remission rate; Rx, Radiotherapy; CL 
confidence interval 

In vitro, Taxotere inhibits microtubule disassembly, 
as does Taxol, and may be more active than Taxol as a 
promoter of tubulin polymerization in pre-clinical sys- 
tems [60]- This agent was found to have anti-neoplastic 
activity against a variety of transplantable murine solid 
tumors, including pancreatic ductal adenocarcinoma 
P03, colon adenocarcinoma C38 and 51, and the B16 
melanoma [61]. The EORTC CASSG group recently re- 
ported superior activity of Taxotere over Taxoi in head 
and neck cancer, sarcoma, ovarian, colon, and breast 
cancer cell lines [62]. Phase I and pharmacokinetic stud- 
ies have been performed in man, utilizing various dose 
schedules. The dose of Taxotere chosen for broad phase II 
testing was 100 mg/m^ delivered i.v. over 1 h. 

Phase II trials in various malignancies have been re- 
cently initiated in the United States and Europe. Anti- 
tumor activity in phase II clinical trials has thus far 
been reported in breast, ovarian, and non-small-cell lung 
cancer (Table 4). Similar to Taxol, neutropenia has been 
the predominant dose-limiting toxicity in these trials. A 
more unique toxicity characterized by edema, fluid reten- 
tion, and the development of pleural effusions, suggestive 
of a capillary-leak syndrome, has been reported in most 
of these initial trials, and appears to be related to the 
cumulative dose received. Further clinical investigation 
will be necessary to determine ways of circumventing this 
phenomenon. 

Conclusions and perspectives 

The results thus far obtained have clearly shown that 
Taxol displays in many tumors a marked anti-neoplastic 
activity that makes this novel anti-microtubule agent the 
most interesting new drug in the management of patients 
with cancer. As mentioned earlier, the effectiveness of 
Taxol is well documented in ovarian and breast cancer, 
and significant activity has also been observed in non- 
small-cell lung cancer and head and neck tumors. Fortu- 
nately, the increased availability of the compound has 
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permitted the recent expansion of clinical trials to a broad* 
spectrum of malignancies, and has allowed the perfor- 
mance of larger randomized trials- 
Future studies will be directed at clarifying some areas 
of uncertainty. Optimal doses and schedules of adminis- 
tration (i.e., infusion duration) are questions being ad- 
dressed in current ongoing clinical trials. As previously 
noted, the primary limiting factor has been neutropenia 
which, although usually short lived, may give rise to in- 
fectious complications, particularly in heavily pre-treated 
patients. Along these lines, the impact of hemopoietic 
growth factors given with higher doses of Taxol and with 
combinations should be better appreciated. Evaluation 
of Taxol in combination regimes for various malignan- 
cies, with attention to sequence-dependent differences 
in toxicity, activity, and pharmacokinetics, will enable 
optimal combination regimens to be developed. Ongoing 
trials in other solid and hematological malignancies 
should better define the full spectrum of TaxoFs anti-tu- 
mor activity. Drug supply remains a concern, although 
less so with the further development of potential alterna- 
tive sources of TaxoL Current clinical development of 
Taxotere and investigation with other newer taxane ana- 
logues may yield other clinically useful compounds. 

Taxol represents the first of a new class of chemother- 
apeutic agents with a unique and novel mechanism of 
anti-neoplastic action. The optimal integration of this 
unique and promising agent into the treatment of a vari- 
ety of human malignancies is certain to be a focus of 
active investigation for years to come. 

Acknowledgements. R.F. was partly supported during his stay at 
Memorial Sloan-Keltering Cancer Center by the "American-Italian 
Foundation for Cancer Research", New York. A.D.S. is the recip- 
ient of a Career Development Award from the American Society of 
Clinical Oncology. 



References 

1. Wani MC, Taylor HL, Wall ME, et ai. Plant antitumor agents. 
Vl. The isolation and structure of Taxol, a novel antileukemic 
and antitumor agent from Taxus brevifolia. J Am Chem Soc 
93:2325, 1991 

2. Rowinsky EK, Cavenave LA, Donehower RC, Taxol: a novel 
investigational antimicrotubule agent. J Natl Cancer Inst 
82:1247, 1990 

3. Schiff PB, Fant J, Horwiiz SB, Promotion of microtubule as- 
sembly in vitro by Taxoi. Nature 277:665, 1979 

4. .Kumar Taxol-induced polymerization of purified tubulin. 
Mechanism of action. J Biol Chem 256: 10435, 1981 

5. Manfredi JJ, Horwitz SB, Taxol: an antimitotic agent with a 
new mechanism of action. Pharmacol Ther 25:83, 1984 

6. Rao S, Horwitz SB, Ringel I, Direct photoafTinily labeling of 
tubulin with Taxol. J Natl Cancer Inst 84:785, 1992 

7- Parness J, Horwitz SB, Taxol binds to polymerized tubulin in 
vitro, J Cell Biol 91:479, 1981 

8. Dustin P, Microtubules. Sci Am 243:66, 1980 

9. Roberts JR, Rowinsky EK, Donehower RC. et al. Demonstra- 
tion of the cell cycle positions for Taxol-induced "asters" and 
^'bundles" by sequential measurements of tubulin immunofluo- 
rescence, DNA content, and autoradiographic labeling of Taxol- 
sensitive and resistant cells. J Histochem Cytochem 37:1659, 
1989 

10. Taxol clinical brochure. National Cancer Institute, Bethesda, 
1983 



R roa et al.: Taxol: activity and prospects in oncology 

11 Choy H, Rodriguez FF, Koester S, et ai. Investigation of Taxol 
as a potential radiation sensitizer. Cancer 71:3774, 1993 

12 Investigational Drug: Branch, National Cancer Institute, Taxol 
(NSC 125973) clinical brochure. National Cancer Institute, 
Bethesda, 1990 , 

13 Lorenz W, Reimann HJ, Schmal A, et al. Histamine release m 
dogs by Cremophor EL and its derivatives: oxyethylated oleic 
acid is the most effective constituent. Agents Actions 7: 63, 1977 

14. Roth B, Yeap B, Wilding G, et al, Taxol (NSC 125973) in ad- 
vanced, hormone-refractory prostate cancer: an ECOG phase 11 
trial- Proc Am Soc CHn Oncol 11: 196, 1992 

15. Sarosy G, Kohn E, Stone DA, et al. Phase I study of Taxol and 
granulocyte colony-stimulating factor in patients with refracto- 
ry ovarian cancer. J Clin Oncol 10: 1 165, 1992 

16. Levin L, Hryniuk W, The application of dose intensity to prob- 
lems in chemotherapy of ovarian and endometrial cancer. 
Semin Oncol 5:756, 1987 

17. McGuire WP, Rowinsky EK. Rosenhein NB, et al, Taxol: a 
unique antineoplastic agent with significant antitumor activity 
in advanced ovarian epithelial neoplasms. Ann Intern Med 
111:273, 1989 

18. Einzig AI, Wiernik P. Sasloff J, et al. Phase II study and long- 
term follow-up of patients treated with Taxol for advanced 
ovarian adenocarcinoma. J Clin Oncol 10:1748, 1992 

19. Thipgen T, Blessing J, Ball H, et al, Phase II trial of Taxol as 
second-line therapy for ovarian carcinoma: a Gynecologic On- 
cology Group study. Proc Am Soc CHn Oncol 9:604, 1990 

20. Sarosy G, Kohn E, Link C, et al, Taxol dose intensification in 
patients with recurrent ovarian cancer. Proc Am Soc Clin Oncol 

. 11:226, 1992 

2L Einzig AI, Gorowski E, Sasloff J, et al. Phase II trial of Taxol 
in patients with metastatic renal cell carcinoma. Cancer Invest 
9:133, 1991 

22. Holmes FA, Frye D, Theriault RS, et al. Phase 11 trial of Taxol, 
an active drug in the treatment of metastatic breast cancer. J 
Natl Cancer Inst 83: 1797, 1991 

23. Reichman BS, Seidman AD, Crown JPA, et al, Taxol and re- 
combinant granulocyte colony stimulating factor as initial 
chemotherapy for metastatic breast cancer, J Clin Oncol (in 
press) 

24. Einzig AL, Wiernik PH, Lipsitz S, et al. Phase II trial of Taxol 
in patients with adenocarcinoma of the upper gastrointestinal 
tract (UGIT). Proc Am Soc Clin Oncol 12: 194, 1993 

25. Forasticre AA, Neuberg D, Taylor IV SG, et al, Phase 11 eval- 
uation of Taxol in advanced head and neck cancer: an Eastern 
Cooperative Oncology Group trial. Proc Am Soc Clin Oncol 
12:277, 1993 

26. Wilson WH, Berg S, Kang Y-K, et al, Phase I/II study of taxol 
96-hour infusion in refractory lymphoma and breast cancer: 
pharmacodynamics and analysis, of multidrug resistance (mdr-1). 
Proc Am Soc Clin Oncol 12:134, 1993 

27. Einzig Al, Hochster HH, Wiernik PH, et al. Phase II trial of 
Taxol in patients with metastatic melanoma. Invest New Drugs 
9:54,1991 

28. Legha SS, Ring S, Papadopoulos N, A phase II trial of Taxol 
in metastatic melanoma. Cancer 65:2478, 1990 

29. Chang AY, Kim K, Glick J, et al. Phase II study of Taxol, 
Merbarone, and Piroxantrone in stage IV non-small-cell lung 
cancer: the Eastern Cooperative Oncology Group results. J 
Natl Cancer Inst 85:388, 1993 

30. Murphy WK, Fossella FY, Winn RJ, et al. Phase H study of 
Taxol in patients with untreated advanced non-small-cell lung 
cancer. J Natl Cancer Inst 85:384, 1993 

31. Brown T, Tangen C, Fleniing T, et al, A phase H trial of Taxol 
and granulocyte colony stimulating factor (G-CSF) in patients 
with adenocarcinoma of the pancreas. Proc Am Soc Clin Oncol 
12:200, 1993 

32. Ettinger DS, Finkelstein DM, Sarma R, et al, Phase II study of 
Taxol in patients with extensive-stage small cell lung cancer 
(SCLC): an Eastern Cooperative Oncology Group Study. Proc 
Am Soc Clin Oncol 12:1095, 1993 



33. Swenerton K, Eisenhauer E, Bokkel Huinink W ten, et al, Taxol 
in relapsed ovarian cancer: high vs low dose and short vs long 
infusion. Proc Am Soc CUn Oncol 12:256, 1993 

34. Nabholtz JM, Gelmon K, Bontenbal M, et al. Randomized 
trial of two doses of Taxol in metastatic breast cancer: an inter- 
im analysis. Proc Am Soc Clin Oncol 12:60, 1993 

35. Seidman AD, Crown JPA, Reichman BS, et al. Lack of clinical 
cross-resistance of Taxol with anlhracycline in the treatment of 
metastatic breast cancer. Proc Am Soc Clin Oncol 12:63, 1993 

36. Seidman AD, McCarthy J, Anthony V, et al. Pain and quality 
of life assessment in patients receiving Taxol and recombinant 
human granulocyte colony stimulating factor for metastatic 
breast cancer. Proceedings of the 2nd National Cancer Institute 
Workshop on Taxol and Taxus September 23-24, 1992 

37. Holmes FA, Valero V, Theriault RL, et al, Phase II trial of 
Taxol in metastatic breast cancer refractory to multiple prior 
treatments. Proc Am Soc Clin Oncol 12:94, 1993 

38. Rowinsky EK, Gilbert MR, McGuire WP, et al. Sequences of 
Taxol and cisplalin: a phase I and pharmacologic study. J Clin 
Oncol 9:1692, 1991 

39. Forastiere AA, Rowinsky E, Chaudry V, et al. Phase I trial of 
Taxol (T) and cisplatin (C)-f G-CSF in solid tumors. Proc Am 
Soc Clin Oncol 289:1992 

40. Holmes FA, Frye D, Valero V, et al. Phase I study of Taxol (T) 
and doxorubicin (D) with G-CSF in patients without prior 
chemotherapy (CT) for metastatic breast cancer (MBC). Proc 
Am Soc Chn Oncol 11:60, 1992 

41 . Fisherman J, McCabe M, Hillig M, el al. Phase I study of Taxol 
and doxorubicin (DOX) with G-CSF in previously untreated 
metastatic breast cancer (MBC). Proc Am Soc CHn Oncol 
11:57, 1992 

42. Pestalozzi BC, Sotos GA, Choyke PL, et al. Typhlitis resulting 
from treatment with Taxol and doxorubicin in patients with 
metastatic breast cancer. Cancer 71:1797, 1993 

43. Kennedy M J, Donehower RC, Sartorius SE, et al, Sequences of 
Taxol and cyclophosphamide: a phase I and pharmacologic 
study in doxorubicin resistant metastatic breast cancer. Proc 
Am Soc Clin Oncol 12: 165, 1993 

44. Kohn E, Reed E, Link C, et al, A pilot study of Taxol, cisplatin, 
cyclophosphamide, and G-CSF in newly diagnosed stage III/IV 
ovarian cancer patients. Proc Am Soc Clin Oncol 12: 257, 1993 

45. McGuire WP, Hoskins WJ, Brady MF, et al, A phase 111 trial 
comparing cisplatin/cytoxan (PC) and cisplatin/taxol (PT) in 
advanced ovarian cancer (AOC). Proc Ani Soc Clin Oncol 
12:255, 1993 

46. Hudis C, Lebwohl D, Crown J, et al. Feasibility of dose-inten- 
sive cyclophosphamide with G-CSF after doxorubicin in wom- 
en with high risk stage I I/I II resectable breast cancer. Proc Am 
Soc Clin Oncol 11:55, 1992 

47. Weiss R, Donehower RC, Cates AE, et al. Hypersensitivity 
reactions from Taxol. J Clin Oncol 8: 1263, 1990 

48. National Cancer Institute Clinical Brochure: Taxol (NSC 
125973). Division of Cancer Treatment, National Cancer Insti- 
tute, Bethesda, 1991 

49. Peereboom DM, Donehower RC, Eisenhauer A, et al, Success- 
ful re-treatment with Taxol after major hypersensitivity reac- 
tions. J Clin Oncol 11:885, 1993 

50. Brown T, Havlin K, Weiss G, Cagnola J, Koeller J, Kuhn J, 
Rizzo J, Craig J. PhiUips J, Von-Hoff D, A phase I trial of Taxol 
given by a 6-hour intravenous infusion. J Clin Oncol 9: 1261, 1991 

51. Roberts RL, Nath J, Friedman MM, Gallin JI. Effects of Taxol 
on human neutrophils. J Immunol 129:2134, 1982 

52. Lipton RB, Apfel SC, Dutcher JP, et al, Taxol produces a pre- 
dominantly sensory neuropathy. Neurology 39:368, 1989 

53. Masurovsky EB, Peterson ER, Grain SM, et al. Morphological 
alterations in dorsal root ganglion neurons and supporting cells 
of organotypic mouse spinal cord-ganglion cultures exposed to 
Taxol. Neuroscience 10:491, 1983 

54. Utourneau PC, Shattuck TA, Ressler AH, et al. Branching of 
sensory and sympathetic neuriles in vitro is inhibited by treat- 
ment with Taxol. J Neurosci 6:1912, 1986 



14 

55. Rowinsky EK, McGuire WP, Guarnieri T, et al, Cardiac distur- 
bances during the administration of TaxoL J Ciin Oncol 9' 1 704 
1991 

56. Rowinsky EK, Burke PJ, Karp JE, et al, Phase I and pharmaco- 
dynamic study of Taxol in refractory acute leukemias. Cancer 
Res 49:4640, 1989 

57. Hruban RH, Yardiey JH, Donehower RC, et al, Taxol toxicity: 
epithelial necrosis in the gastrointestinal tract associated with 
polymerized microtubule accumulation and mitotic arrest 
Cancer 63:1944, 1989 

58. Markman MM, Rowinsky E, Hakes. T, et al. Phase I trial of 
intraperitoneal Taxol: a Gynecologic Oncology Group study 
J Clin Oncol 9:1485, 1992 



R. Foa et al.: Taxol: activity and prospects in oncology 

59. Francis P, Rowinsky E, Hakes T, et al. Phase I trial of weekly 
mtraperitoneai (IP) Taxol in patients with residual ovarian car 
cinoma. Proc Am Soc Clin Oncol 12:257, 1993 

60. Ringel I, Horwitz SB, Studies with RP 56976 (Taxotere): a semi- 
synthetic analogue of Taxol. J Natl Cancer Inst 83:288, 1991 

61. Bissery M-C, Guenard D, Gueritte-Voegelein F, Lavelle F 
Experimental antitumor activity of Taxotere (RP 56976, NSC 
628503), a Taxol analogue. Cancer Res 51:4845, 1991 

62. Aapro M, Braakhuis B, Dietel M, et al, Superior activity of 
Taxotere (Ter) over Taxol (Tol) in vitro. Proc Am Assoc Cancer 
Res 33:516, 1992 



Cancer Chemother Pharmacol (1983) 11:8-15 



EXHIBIT 12 



Cancer'* 
Q hemotherapy anc 
EJharmacology 



© Springer- Verlag 1983 



Properties of Anticancer Agents Relevant 
to in vitro Determinations of Human Tumor Cell Sensitivity 

Edward J. Pavliki'2, Daniel E. Kenady^, John R. van Nagell^ Kathryn Keaton^ Michael B. Hanson\ Elvis S Donaldson^ 1 
Ward O. Giiffen\ and Robert C. Flanigan^ ■ 

* The Lexington Veterans* Administration Hospital and Departments of Obstetrics and Gynecoloev 
2 Biochemistry 
^ Surgery 

* Urology, University of Kentucky CoUege of Medicine, Lexington, Kentucky 40536, USA 



Summary, The physical properties of 59 anticancer agents have 
been examined with respect to solubility in tissue culture media, 
binding to ultrafdtration materials, and molecular absorbance 
and fluorescence behavior. Methods for dissolving these agents y 
which are compatible with in vitro sensitivity testing of human 
tumor cells to anticancer agents, are reported in this paper. The 
potential for anticancer agent binding to cellulose nitrate/cel- 
lulose acetate and teflon membrane ultrafilters was documented, 
and quantitation of these anticancer agents based upon 
absorbance and fluorescence spectroscopy was performed. 
Post-filtration quantitation of anticancer agents was found to be 
a reliable method for determining the actual drug concentrations 
available in tumor cell sensitivity testing in vitro. The properties 
documented herein are pharmacologically relevant parameters 
related to in vitro determinations of human tumor cell sensitivity 
to anticancer agents. 



materials has the potential for moderating the apparent 
cytotoxic drug activity by reducing the effective drug concen- 
tration. 

At present there is no comprehensive source of informa- ■ 
tion on anticancer agent solubility in tissue culture media or on 
drug interaction with filtration materials, although significant 
information does exist on the clinical formulation of anticancer 
agents [4, 12], Moreover, it is conceptually advantageous to 
operate within a uniform test background so that only 
drug-related effects are compared, from test to test, rather ' 
than some complex permutation of drug together with buffer, 
extender, preservative, carrier, solvent, etc. 

For these reasons, we report here on the compatibility of 
anticancer drug solvation with the tissue culture environment 
and document the potential for solvent-mediated effects, as 
well as anticancer agent binding to filtration materials. 
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Introduction 

Recently, a fundamental new approach in cancer treatment has 
resulted from the realization that chemotherapy can be 
individualized on the basis of determinations which assess the 
sensitivity in cell culture of tumor cells, prepared from 
individual cancer patients, to various anticancer agents [5, 6, 
8-10, 13]. At present, this type of approach has been more 
successful in identifying those chemotherapeutic agents which 
will be ineffective in the patient than in predicting those 
anticancer agents that will be effective i>i vivo, SpecificaUy , this 
method has been reported to identify drug resistance with a 
predictive accuracy of 96% -99% and drug sensiti\ity with a 
predictive accuracy of 60%-70% [11, 13]. 

It should be obvious that a drug must be in solution when 
presented to tumor cells in the test determination; moreover, 
the means used to achieve drug solvation must not interfere 
with tumor cell replication. If a drug is not in solution, its 
precipitation presents a potential mechanism for concentrating 
drug onto tumor cells, which can lead to false-positive 
indications of tumor cell sensitivity. Conversely, if drug is 
allowed to precipitate at some stage prior to introduction to the 
test determination, the available drug concentration in the test 
will be much lower than expected and false resistance may be 
predicted. Often it is necessary to use membrane filtration to 
remove potential biocontaminants firom drug solutions pre- 
pared for test determinations. Drug interaction with filtration 
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Materials and Methods 

All determinations on chemotherapeutic agents were per- 
formed on pure compounds in the absence of preservatives, 
stabilizers or extenders. Actinomydn D, bleomycin, cyclo- 
phosphamide, progesterone, retinoic acid, and retinol were 
obtained from Sigma Chemical, St. Louis, USA. c£s-Di- 
amminedichloroplatinum II, cw-dichloro-ethylenediaminepla- 
tinum, cordycepin, 5-fluorouracil, and mitomycin C were 
obtained from Boehringer Mannheim, Indianapolis, Indiana, 
USA. Doxorubicin was generously provided by Adria Labo- 
ratories, Columbus, OH, USA; an alternative batch was 
obtained from Aldrich Chemical Company, Milwaukee, 
Wise, USA. Methotrexate and Thio-TEPA were provided by 
Lederie Laboratories, Pearl River, NY, USA. Bisantrene 
hydrochloride (*Orange Crush' or 9,10-antracenedicarboxal- 
dehyde bis-[(4,5-dihydro-lH-imidazol-l-yl) hydrazone] was 
provided by American Cyanamid, Pearl River, NY, USA. 
Cytarabine, medroxyprogesterone acetate, and streptozodn 
were provided by the Upjohn Company, Kalamazoo, MI, 
USA. Etoposide (*Vp 16-213'), cw-platinum, and prednimus- 
tine were generously supphed by Bristol Laboratories, Syra- 
cuse, NY, USA, Finally, the Investigational Drug Branch of 
the National Cancer Institute provided the following: aclaci- 
nomycin, amasacrine, anguidine, azapicyl, aziridinylbenzoqui- 
none (*AZQ'), Baker's antifol, bruceatin, camptothedn, 
carboquone, chlorozbtodn, cyclocytidine, daunonibicin, 
dibromodulcitol, dichloroally lawsone, dichloromethotrexate, 
dihydroxyanthracenedione, etoposide, gallium nitrate, hexa- 
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>yra- t F<g- 1. Chemical structures. National Service Center Identifiers, and abbreviated designations of selected anticancer agents 

methylmelamine, ICRF-159 (Razoxane), ICRF-187, ifosfam- were used in absorbance and filter-binding determinations, 

ide, leucovorin, levamisole, lomustine (CCNU), maytansine, while drugs dissolved in saline were used in fluorescence 

melphalan, 5-methyltetrahydrohomofolate, mitoguazone, na- determinations. A DU-8 spectrophotometer (Beckman Instru- 

icin, ^ foxidine, PALA, PCNU, pentamethylmelamine, predniso- ments) was used for absorbance determinations, while an 

rate, m lone, semustine (methyl-CCNU), streptonigrin, tegafur (Fto- Aminco Bowman Spectrophotofluorometer fitted with a 

exa- m rafur), and teniposide ('VM-26'). Drugs dissolved in water high-intensity Xenon lamp was used in fluorescence determi- 
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Fluorescence determinations were performed in quartz 
cuvettes (2 ml) with drug fluorescence determined before and 
after mcubation with tumor cells (American Type Culture 
Co lection Cell Line CCL2; 1 h, 3T C). Drugs were dissolved 
at 1 mg/ml and progressive dilutions were made to identify 
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concentration ranges which remained linear with respect to 
absorbance or fluorescence. At least eight different concen- 
trations were examined in duplicate over the linear range, and 
these concentrations were quantitatively reexamined after 
filtration in 1-mI yplumes. Sterile disposable filtration units (27 
mm diameter) were used: Millex-OR, 0.22 jim pore and 
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An alphabetic listing of the compounds considered in this 
study, together with the corresponding National Service 
Center numbers, chemical structures and abbreviated desig- 
nations is presented in Fig. 1. 



Results 

Chemical Solubilities and Filter Binding Characteristics 
are Properties that can Moderate the Activity 
of Anticancer Agents in vitro 

Agents with Aqueous Solubilities 

Two prerequisites which must be accommodated by test 
determinations for in vitro sensitivity to anticancer agents are 
that (1) agents remain soluble in the cell culture environment 
and (2) a uniform test background is employed so that the only 
variable from test to test is drug alone, rather than some 
covariant combination of drug together with buffer, extender, 
preservative, carrier, and solvent. The latter' condition pre- 
cludes the use of sterile pharmaceutical preparations, which 
rarely contain drug alone; moreover, most investigational 



drugs are more prudently evaluated by methods that can be 
dissociated from a preliminary formulation which may not 
ultimately be clinically optimal. As a consequence, it becomes 
necessary to remove potential biocontaminations from dis- 
solved anticancer preparations by membrane ultrafiltration. 

A large number of anticancer agents are water-soluble and 
hence soluble in tissue culture media (Dulbecco's MEM, 
RFMI (1640), McCoy's and CMRL) as identified in Table 1. 
Vinblastine sulfate differs somewhat from the other agents in 
Table 1 in that its solubility in tissue culture media requires 
slight acidification with dilute HCl. We have adopted two 
criteria for effective solubility in tissue culture media: first, no 
visible precipitate should form after incubation at 37° C for up 
to 5 h and second, the spectral profiles, which are unique to 
each agent, should also persist after incubation. All the agents 
in Table 1 meet both these criteria, except for anguidine and 
cyclophosphamide which, while not demonstrating any absor- 
bance properties, did not form visible precipitates at concen- 
trations of up to 500 jxg/ml. 

The agents in Table 1 have been dissolved in a working 
stock solution of up to 1 mg/ml. Dilutions of the working stock 
solution are made and used for in vitro determinations of 
tumor cell sensitivity to anticancer agents. As a consequence, 
the working stock solutions for all the agents in Table 1 could 
be diluted and quantitated by absorbance spectroscopy, except 



Table 1. Properties of selected water-soluble anticancer agents 



Agent 



Molecular 
weight 



Absorbance 

maxima 

(nm)* 



Linear 
absorbance 
range: jig/ml 



Millex OR 
binding 



MiUex FG 
binding 



Aclacinomycin 884.4 203, 258, 

Actinomycin-D 1255.5 211, 241, 318, 

Anguidine 366 no absorbance 

Azapicyl 179.17 236, 275 

(Soluble) Baker's antifol 539 245 

Bleomycin 1400 249 

Camptothecin 388.4 217, 252, 294, 

Chlorozotocin 313.7 231, 248, 387 

cty-DED-pIatinum 326.1 224, 292 

cis-platinum 300.0 223, 301, 356, 

Cyclocytidine 261.5 244 

Cyclophosphamide 261.1 no absorbance 

Qtarabine 243.22 241 

Daunorubicin 564 239, 251, 289, 

Dihydroxyanthracenedione 517.4 241, 275, 319, 

Doxorubicin 579.99 233, 252, 299, 

5-Fluorouracil 130.1 244 

GalUum nitrate 256 229 

ICRF-187 268 229, 319 

Ifosfamide 261 203, 285 

Uucovorin 483 242, 313, 325 

Levamisole 241 243 

Maytansine 692 210, 232, 252, 

5-Methyltetrahydro-homofolate 517,5 244, 313, 335 

Mitoguazone dihydrochloride 275 . 243, 262, 313, 

Mitomycin C 334 225,-373, 554 

"Orange crush" 471.4 236, 246, 255, 

PALA 299 216 

Pentamethylmelamine 232.7 244, 249, 256 

Streptozocin 265 242, 390 

Tegafur 200 244 

ThioTEPA 189 217 

Vinblastine 909.1 230, 247, 251, 

Vincristine 923,1 243, 313 



435 
440 



367 



362 



481 

608, 661 
453, 494 



279, 296 
337 

273, 408 



313, 323 



10-100 










4- 50 


>95% 




50%- 


-60% 


10-100 


<5% 








10-100 










10-300 










10-200 


<5% 








10-300 


5%- 


10% 






75-300 










10-300 










10-100 










10-100 










10-100 


5%- 


10% 


10% 


-15% 


10-200 


50% 


-60% 


10%- 


-20% 


1- 30 


>95% 




30%- 


-50% 


10- 75 


<5% 








25-300 










10-300 


--20% 








Nonlinear to 300 jig/ml 








10-300 


5%- 


10% 






10-100 


15% 




10%- 


-20% 


0.5-5 


50% 


-70% 


60%- 


-90% 


10-300 


15% 


-20% 






10-300 










10- 75 


<5% 








10-100 










10-300 










10- 75 










10-200 










10-300 


5%- 


10% 






10-300 










10-300 










10-200 


10% 


-15% 


10% 


-15% 



* The major absorbance wavelengths are underUned; the concentration curves were determined at the major absorbance wavelength 
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for the two nonabsorbing agents and ifosfamide. Quantitation 
by absorbance spectroscopy was used to determine drug 
concentration before and after membrane filtration, to deter- 
mine whether any agents would bind to the filtration materials. 
Assessments of filter binding were run at five different drug 
concentrations over the linear absorbance range. All agents 
were evaluated for binding to both the cellulose nitrate/cel- 
lulose acetate-based Millex OR filters and the teflon-based 
Millex FG filters. Drug binding estimates were related to the 
highest hnear concentration tested when post-filtration deter- 
minations remained linear with a reduced slope. When 
post-filtration determinations become asymptotically nonli- 
near, drug binding estimates related the asymptotic extrapo- 
lated value to the highest linear concentration tested. Drug 
binding to the cellulose nitrate/cellulose acetate filters was very 
significant with actinomycin D, dihydroxyanthracenedione, 
doxorubicin and maytansine, while some binding occurred 
with chlorozotodn, daunonibicin, ICRF-187, leucovorin, 
levamisole, 5-methyltetrahydro-homofolate, tegafur, and vin- 
cristine. In general, binding to the teflon-based filters was 
equivalent to or less than binding to the cellulose nitrate/cel- 
lulose acetate filters; however, maytansine was observed to be 
bound significantly better by the teflon filters (Table 1). 
Orange Crush (i.e., OC or bisantrene) presents a solubility 
problem because the introduction of this agent (dissolved in 
distilled water) into several media (DME, RPMI, McCoy's, 
CMRL) and buffers (saline, buffered saline, HBSS) results in 
immediate precipitation. Spectrophotometric determinations 
revealed that subsequent filtration clears virtually all the 
bisantrene from the preparation. 

A limited number of agents can be solubilized as salts 
generated with NaOH (20 mM) (Table 2), These agents 
remain soluble after introduction into media maintained at pH 
7,4 for up to 5 h at 37° C, as evidenced by a lack of visible 
precipitates and the persistence of individualized spectral 
profiles- Only one of these agents (ICRF-159) was significantly 
bound by cellulose nitrate/cellulose acetate filters, and this 
interaction could be reduced by the use of teflon filters. 

Agents with Nonaqueous Solubilities. A number of agents 
cannot be directly solubilized in water or liquid media. These 
agents are soluble in the organic solvents, ethanol, and 
^,A^-dimethylacetamide, both of which must be used at 
concentrations that do not perturb cellular replication in the in 
vitro test system. Several primary tumor cell preparations, as 
well as estabhshed tumor cell lines, have been exposed to 
increasing concentrations of these solvents (data not shown). 
Some tumor cells have greater sensitivity to these solvents and 
can be used to establish the lower limits of tolerance for 
ethanol and A^,A^-dimethylacetamide, as shown in Fig. 2. In 



contrast, tumor cell preparations, which demonstrate a 
exceptional tolerance to these solvents, continue unperturbei 
replication at up to 10-12 [iVml ethanol or 1-1.5 ^l/i 
A^,A^-dimethylacetamide, and should be considered mor. 
unusual than common. From a solvent toxicity standpoint's, 
ethanol is better tolerated and consequently has greaterf 
solvent utility than A^,A^-dimethylacetamide. I 
As a consequence of solvent-mediated effects on replicaJ 
tion, it becomes necessary to prepare very high concentrations! 
of certain agents in either ethanol or 7V//-dimethylacetamidef 
to deliver modest, nontoxic amounts of solvent to cell culture? 
test determinations. Agents that can be dissolved in ethanol at 
concentrations high enough to enable the great dilution' 
required to avoid solvent mediated effects are listed in Table 
3A, while agents which must be dissolved in //,7V-dimethyl- 
acetamide are listed in Table 3B. It should be noted that AZQ 
(aziridinylbenzoquinone) is much more highly soluble in 
A^,A^-dimethylacetamide. (Organization of agents in Table 3 A ^ 
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Fig, 2. Solvent-related eflects on tumor cell replication. Double glass 
distilled solvents were obtained from Burdick and Jackson Chemical 
Company. Tumor cells (ATCC CCL2) were plated in the presence of 
concentrations of solvent as indicated, and were allowed to replicate 
for 10 days. Cells were grown in Dulbecco^s Modified Eagle's Medium 
with bicarbonate and Hepes buffering (10 mAf) at a final supple- 
mentation of 10% fetal calf serum and 100 U/ml penicillin/strepto- 
mycin. Cells plated in plastic tissue culture vessels (4 x 10^ cells/cm^) 
were nourished with a single change of medium (0.5 ml/cm^) and 
increased to 64 x 10^ ceUs/cm^ (i.e., 100%) in 10 days. Cells were 
released to single-cell suspensions by exposure to Hank's balanced salt 
solution containing EDTA (2 mM, pH 7,4) and were counted 
elearomcally using a Model ZF Coulter Counter. All determinations 
were run in triplicate 



Table 2. Propenies of selected 


anticancer agents that are soluble as salts generated with NaOH (20 


mM) 




Agent 


Molecular 
weight 


Absorbance 
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(nm)* 


Linear 
absorbance 
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binding 
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binding 
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251.2 

559.4 
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454.9 

506 


215, 260 

251, 255, 317, 371 
206, 229 

231, 250, 313, 320, 372 
244, 313, 389, 554 


10-100 
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10-100 
10-100 


<5% . 
30% 




Parameters are as described in Table 1 ~ 
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Table 3. Preparations of select anticancer agents which are solubilized 
in ethanol (A) orN,7V-dimethylacetaniide (B) and remain soluble after 
being introduced in liquid media 
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Agent 


Molecular 


Absorbance 




weight 


Maxima: (nm) 




A- Soluble in ethanol 








/Vmsacrine 


393.5 


248, 408 




AZQ^ 


364.4 


241, 355, 472 




Bruceatin 


548 


232 




Carboquone 


321.24 


243, 313, 373, 


541, 554, 565 


Dibromodulcitol*^ 
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212 




Dichloroallyl lawsone 


283.1 


236, 276, 313, 


355, 377, 555 


U<«vQm^thvlmplAmin(* 


210.3 


241 ^ 




Lomustine 


234 


241, 383, 398, 


415 


Medroxyprogesterone 


344.48 


256, 253 




Melphalan'' 
Nafoxidine* 


305 


215, 255, 258. 


iul 


461-5 


245 . 282 , 313, 




PCNU 


262.7 


216. 233 




Prednimustine*' 


646.6 


262. 300 




Prednisolone^ 


482.5 


248. 354 




Progesterone 


314.5 


248, 250, 260, 


308, 316 


Retinoic acid 


300.42 


208, 240, 348 




Retinol 


286-5 


241, 298. 306, 


313, 341 


Semustine 


248 


242, 383. 398, 


415 


B. Soluble in A^^Mdimethylacetamide 




AZO 


364.4 


24 L 355. 472 




Etoposide 


588 


246. 279, 289, 


410 


Teniposide 


656 


285 





* Must be heated 

Acid ethanol: 0.6% HCl in ethanol 
^ Hot, acid ethanol 



and 3B is based upon minimizing solvent-related toxicity given 
by priority to the use of ethanol over A^,yV-dimethylacetamide. 
Heating of agents is limited to warming the vial under a stream 
of hot tap water.) The previously discussed criteria for 
solubility can be satisfied by using these two organic solvents to 
deliver the agents to aqueous environments; namely, in the 
absence of visible precipitates unique and individualized 
absorbance profiles can be obtained even after incubation at 
37° C. Finally, it should be noted that both ethanol and 
A^,A^-dimethylacetamide are microcidal so that ultrafiltration 
becomes unnecessary. 
1 Except for the agent AZQ, ail agents listed in Table 3 can 

I be delivered in soluble form to an aqueous tissue culture 
s environment. AZQ (dissolved in ethanol or iV,A^-dimethyl- 
t I acetamide) was observed to precipitate immediately when 
j introduced into tissue culture media (DME, RPMI, McCoy's, 
^ I CMRL) . Thus , with the present systems for drug solvation , the 
I \ delivery of dissolved AZQ and Orange Crush to tissue culture 
i; determinations for tumor cell sensitivity remains un- 
:| I achieved. 

^ Fluorescent Properties of Selected Anticancer Agents 

t In general, quantitation based upon fluorescence spectroscopy 
i has a greater sensitivity than absorbance spectroscopy. Hence, 
I whenever dilute drug concentrations must be determined or 
I whenever absorbance quantitation is confounded by multiple 
t co-absorbing components, quantitation based upon fluores- 
cence may be useful. Most of the agents demonstrated some 
measurable fluorescence properties (52 of 59 agents, Table 4), 
and quantitation based upon a Hnear relationship between 



concentration and fluorescence was observed to be possible for 
25 of 59 agents, including anguidine, which had not produced 
sufficient detectable absorbance. In addition, eight agents that 
were not fluorescent alone in solution formed fluorescent 
complexes after incubation with cells; these agents were 
amsacrine, azapicyl, cw-DED-platinum, cyclophosphamide, 
dischloromethotrexate, ICRF-159, levamisole, and mitogua- 
zone dihydrochloride. This type of fluorescence, which occurs 
only after interaction with cells, may result from quantum 
coupling interactions between cellular components and drug. 
Nevertheless, these observations must be regarded at present 
as largely phenomenonological. Finally, only daunorubicin 
and doxorubicin (1—5 mg/ml) could be used to visualize tumor 
cells under the fluorescent microscope after incubation for 1 or 
2hat37°C. 



Discussion 

When the in vitro sensitivities of primary tumor cell prepa- 
rations to anticancer agents are to be evaluated, it is rather 
obviously necessary that the anticancer agents remain in 
solution during the test determinations. In this report we have 
described how 59 anticancer agents may be solubilized for 
introduction to tissue culture media; moreover, we have 
described the limits of solvent concentrations which adversely 
affect tumor cell replication in culture. The occurrence of 
stable spectroscopic profiles after incubation at 37° C and the 
absence of observable precipitation are criteria which most 
pertinently relate to the dissolved status of these compounds; 
moreover, these criteria do not insure that the absorbing 
species retains the unaltered active drug form or that the 
biological activity has not changed. In addition, since it is often 
necessary to remove potential biocontaminants from prepa- 
rations of anticancer agents by membrane ultrafiltration, we 
have examined drug binding to ultramembranes and have 
observed the potential for interaction between different 
anticancer agents and filtration materials. This phenomenon 
involving the binding or adsorption of compounds onto 
insoluble polymeric materials has long been recognized [1—3, 
7]. In general, drugs binding to cellulose nitrate/cellulose 
acetate filters were found to bind less to teflon filters; however, 
exceptions can occur (i.e., maytansine) and post-filtration drug 
quantitation should be performed to unambiguously define the 
actual drug concentrafions in cell culture determinations of 
sensitivity to anticancer agents. All the drugs considered in this 
study can be quandtated by either absorbance or fluorescence 
spectroscopy, except for cyclophosphamide. Nevertheless, it 
may be possible to quantitate cyclophosphamide on the basis 
of the fluorescence generated after limited interaction with 
tumor cells. 

Finally, we suggest that the in vitro cytotoxic activity of 
anticancer agents can be moderated by reduced drug concen- 
trations which result from inadequate solvation or by binding 
to ultrafiltration materials. For the agents listed in this paper, 
this moderation can be remedied by the appropriate selection ' 
of solvents and filters and the use of post-filtration quantita- 
tion. 
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Table 4. Fluorescent properties of selected anticancer agents 



Agent 



Agent alone 



Agent and cells 



Aclaanomydn 

Actinomycin-D 

Amsacrine 

Anguidine 

Azapicyl 

AZQ 

(soluble) Baker's Antifol 

Bleomycin 

Bruceatin 

Camptothecin 

Carboquone 

Chlorozotocin 

cty-DED-platinum 

ciy-platinum 

Cordycepin 

Cyclocytidine 

Cyclophosphamide 

Cytarabine 

Daunorubicin 

Dibromodulcitol 

Dichloroailyl lawsone 

Dichloromethotrexate 

Dihydroxyanthracenedione 

Doxorubicin 
Etoposide 
5-FIuorouracii 
Gallium nitrate 
Hexamethylmelamine 
ICRF-159 
ICRF-187 
- Ifosfamide 
Leucovorin 
Levamisole 
Lomustine 
Maytansine 
Medroxyprogesterone 
Melphalan 
Methotrexate 

5-MethyItetrahydrohomofolate 

Mitoquazone dihydrochloride 

Mitomycin C 

Nafoxidine 

Orange crush 

PALA 

PCNU 

Pentamethylmelamine 

Prednomustine 

Prednisolone 

Progesterone 

Retinoic acid 

Retinol 

Semustine 

Streptonigrin 

Streptozodn 

Tegafur 

Teniposide 

Thiotepa 

Vinblastine 

Vincristine 



Excitation 


Emission 


Linear 


Excitation 


Emission 


X (nm) 


A (nm) 


fluorescence 


A (nm) 


X (nm) 






range: 








ml X 10-6 






340 


530 


6-60 


455 


530 


340 


525 


4-40 


340 


515 


300 


430 




jOU 


4J0 


340 


430 


180- 600 


340 


430 


325 


435 


- 


325 


355 


300 


340 




280 


340 


300 


410 


0.6-1.9 


350 


435 


315 


375 


- 


315 


390 


326 


380 




275 


340, 380 


346 


450 


0 003—0 O'^O 






300 


400 




300 


400 


325 


440 


0.4—3.2 




440 


350 
— 


405 

— 




350 


405 


350 


415 


- 


- 

350 


- 

415 


300 


390 


490— T Qon 


J^J^J 


390 


300 


410 




360 


440 


323 


380 


370-4,100 


323 


380 


300 


570 


4-50 


300 


570 


300 


340 
— 


- 
- 


280 


340, 415 


420 


480 
— 


- 


- 

420 


— 

480 


300 


560 


- 

4-50 


- 

275 


- 

560 


300 


- 


- 


282 


405 


300 
— 


385 

— 


- 


300 


385 


272 


340 


- 

- 


- 

272 


- 

340 


340 


395 


- 


340 


395 


350 


420 


8-40 


350 


420 


367 


450 


— 


367 


450 


327 


450 


4-20 


352 


450 


320 


375 




278 




334 


390 


- 


334 


390 


370 


440 


110-1,450 


370 


440 


293 


340 


— 


275 


340 


353 


415, 580 


6-16 


353 


415 


375 


450 


7-22 


375 


450 


367 


450 


10-20 


367 




375 


425 




375 


425 


410 


505 


— 


410 


505 


350 


425 


5-10 


350 


425 


325 


520 
~ 


200-1,060 


325 


550 


310 


375 


— 

20-40 


-■ 
325 


~ 

375 


442 


560 


— 


442 


560 


'inn 
300 


355 


— 


300 


355 


344 


405, 500 


4-10 


344 


405, 500 


zou 


340, 410 


5-16 


275 


340 


325 


475 


0.8-7.0 


325 


475 


300 


340 




275 


340 


300 


350 




270 


350 


320 


395 


420-3,800 


320 


395 


450 


500 




450 


500 


300 


400 




300 


400 


362 


430, 505 




362 


430, 505 


325 


360 


6-60 


325 


360 


318 


365 


120-1,100 


318 


365 



Linear 
fluorescence 
range: 
ml X 10-6 



3- 60 

4- 30 
0.2-1,5 
300- 600 
1,900-5,600 

0.9-1.9 



0.005-0.025 

0.4-3.2 
1,100-3,300 



760-3,820 
770-3,830 
310-4,100 
4-50 



Synthesis 
while oth' 
of Cance: 
professor 



Referent 

1. Berg 
low-r 
Phar 

2. Chioi 
solut 

3. Chio 
comr 
itativ 

4. Dooi 
Else- 

5. Livir 
DN/ 
then 

6. Pavl 
DE, 
Stan 
sens 



^ Agent was incubated with cells in balanced saline for 1 h at 37^0 



0.9-1.8 
4-50 



6-20 
8-40 

4- 20 

2,070-4,150 
110-480 

6- 16 

7- 22 
6-20 
400-730 

5- 10 
200-2,120 

20-40 



2-10 
8-16 

1.4-7.0 



750-3,800 



10-60 
120-1,100 
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Synthesis and Chemistiy Branch, Division of Cancer Treatment, NCI, 
while others were provided by the Natural Products Branch, Division 
of Cancer Treatment, NCI. JRVN is the American Cancer Society 
Professor of Clinical Oncology. 
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TTTLE OF THE TNVENTTON 

BIOCONJUGATES AND DELIVERY OF BIOACTIVE AGENTS 

This invention was made in part with GovemmOTt support under Grant No. ES05728 awarded 
by the National Institutes of Healdi, Bethesda, Maryland. The United States Government has 
certain rights in the invention. 

BACKGROUND OF THE INVENTIQN 

The present invention relates to bioconjugates and the delivery of bioactive agents which 
are preferably targeted for site-specific release in cells, tissues or organs. More particularly, this 
invention relates to bioconjugates which comprise a bioactive agent and an organocobah 
complex. The bioactive agent is covalently bonded direcdy or indirectly to the cobah atom of 
the organocobalt complex. The bioactive agent is released from the bioconjugate by the 
cleavage of the covalent bond between the bioactive agent and the cobalt atom in the 
organocobalt complex. The cleavage may occur as a result of normal displacement by cellular 
nucleophiles or enzymatic action, but is preferably caused to occur selectively at a 
predetermined release site by application of an external signal. The external signal may be light 
or photoexcitation, i.e. photolysis, or it may be ultrasound, i.e. sonolysis. Further, if the 
photolysis takes place in the presence of a magnetic field surrounding the release site, the release 
of the bioactive agent into surrounding healthy tissue is minimized. 

The publications and other materials used herein to illuminate the background of the 
invention, and in particular, cases to provide additional details respecting the practice, arc 
incorporated by reference, and for convenience are referenced in the following text by author 
and date and are listed alphabetically by author in the appended bibliography. 

The focus of a substantial body of research has been the development of a system 
whereby a pharmaceutical agent can be selectively delivered to a desired anatomic location; 
namely the site in need of treatment. In spite of the great progress which has been achieved in 
this regard, many pharmaceutical delivery systems for the treatment of various diseases or health 
risks, e.g., the treatment of cancer, impart substantial risk to the patient. With respect to the 
treatment of cancer, drugs which are effective in attacking malignant cells to destroy them, or at 
least limit their proliferation, have a tendency to attack benign cells also. Therefore, it is highly 
desirable to limit the location of their action to that of the malignancy, and to ensure that at any 
particular time effective, but not excessive, amounts of such drugs are used. 
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Although it is desired to concentrate a cytotoxic agent at a targeted site, current cancer 
treatment protocols for administering these cytotoxic agents typically call for repeated 
intravenous dosing, with careful monitoring of the patient. The drugs are often used in 
combination to exert a multi-faceted assault on neoplastic cells. The dose is selected to be just 
below the amount that will produce acute (and sometimes chronic) toxicity that can lead to 
life-threatening cardiomyopathy, myelotoxicity, hepatic toxicity, or renal toxicity. Alopecia 
(hair loss), mucositis, stomatitis, and nausea are other common, but generally not 
life-threatening, side effects at these doses. Since many of these compoxmds are potent 
vesicants, tissue necrosis will occur if localized extravasation (loss of the drug from blood to the 
surrounding tissue) occurs. These effects occur since the blood generally attains a specified 
concentration of that drug before becoming effective. Because the blood is transported 
throughout the body of the host being treated, so is the pharmaceutical agent. Following this 
technique provides an even distribution of the drug throughout the body, rather than 
concentrating it at the treatment site. Moreover, such systemic treatment methods expose the 
healthy cells to the cytotoxic agent concurrent with the treatment of the unhealthy or diseased 
cells besides limiting the concentration of the drug at the site where it is most needed. 

Previous attempts to administer such drugs by direct injection into the location of the 
organ having the malignancy are only partially effective, because of migration of the drug from 
that location and as a result of extensive tissue necrosis from extravasation. Such dispersion 
cannot be totally prevented, with the result that excessive quantities of drug need to be 
administered to attain a desired result.' Although careful clinical monitoring may prevent 
extensive damage or loss of viable tissue, the providing of a phamiaceutical agent-carrier system 
which is actively transported through standard biological systems to the treatment site prior to 
activation of the pharmaceutical agent would be highly desirable not only in optimizing 
utilization of the drug but also in the reduction of side effects and/or the minimization of the 
destruction of healthy cells. The direct injection of cytotoxic agents into solid tumors of the 
breast, bladder, prostate and lung using conventional cytotoxic chemotherapeutic agents as 
adjuvants to surgery and/or radiotherapy has been of limited success in prolonging the lives of 
patients. This is partially due to the dose limitations imposed by the acute and chronic toxicity 
to tissues or organ systems beyond those that are targeted. 
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As it relates to the administration of cytotoxic or antineoplastic drugs, the effective 
resolution of concerns relating to modes of administration, to the limitation of dosage size and 
frequency of administration, and to side effects would certainly be of benefit to the treatment of 
cancer. 

Oligonucleotides that specifically interfere with gene expression at the transcriptional or 
translational levels have the potential to be used as therapeutic agents to control the synthesis of 
deleterious proteins associated with viral, neoplastic or other diseases. It is possible to select 
single-stranded oligonucleotides that recognize and bind to the major groove of a stretch of 
double-stranded DNA in a sequence-specific manner to form a triple helix (Le Doan et al., 1987; 
Moser and Dervan, 1 987). Triple helix-forming oligonucleotides targeted to the promoter region 
of certain genes have been used to physically block RNA synthesis in cell-fi-ee transcription 
assays (Cooney et al., 1988; Postel et al., 1992; Skoog et al., 1993; Rando et al., 1994). 
Similarly, in vitro translation assays have been used to demonstrate that antisense 
oligonucleotides can bind mRNA targets and prevent protein synthesis (Uhlmann and Peyman, 
1990; Cohen and Hogan, 1994). 

Although antisense oligonucleotides have shown great efficacy in the selective inhibition 
of gene expression (Stein and Cohen. 1988; Szczylik et al., 1991; Gray et a!., 1993), the 
therapeutic applications of such antisense oligonucleotides are currently limited by their low 
physiological stability, slow cellular uptake, and lack of tissue specificity. The instability 
obstacles have been largely overcome by use of backbone-modified oligonucleotides that arc 
more resistant to nucleases. Methylphosphonates, protein-nucleic acid conjugates, and 
phosphorothioates all appear to resist enzymatic digestion better than the corresponding natural 
oligonucleotides (Chang and Miller, 1991; Wickstrom et al., 1992; Letsinger, 1993; Zon, 1993). 

Problems with cellular uptake of antisense oligonucleotides have been more difficuh to 
solve. Endogenous uptake pathways that rely on pinocytosis and related processes generally 
have insufficient capacity to deliver the quantities of antisense of oligonucleotides required to 
suppress gene expression (Vlassov et al., 1994). Hydrophobic modifications have also been 
undertaken to improve membrane permeability, but such derivatization strategies are most useful 
only for short oligonucleotides (Vlassov et al., 1994). Although complexes of antisense constructs 
with cationic liposomes or immunoliposomes (Gao and Huang, 1991 ; Bennett et al., 1 992, Ma and 
Wei, 1996) and polylsine (Trubetskoy et al., 1992; Bunnell et al., 1992) have significantly 
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enhanced intxacellular delivery, they have simultaneously introduced new disadvantages of their 
own. Thus, both methods exhibit some carrier cytotoxicity, and like other protocols, neither 
strategy allows for any tissue or cell targeting. In short, intracellular delivery and tissue 
specificity remain major obstacles to the implementaiton of antisense drugs in the treatment of 
hiunan disorders. 

Other techniques for the delivery of oligonucleotides to cells include the use of: (a) 
folate-PEG-liposome constructs for the delivery of antisense DNA against growth factor 
receptor (Wang et al,, 1995); (b) folic acid-polylysine constructs for the delivery of c-myc 
antisense DNA (Ginobbi et al., (1997); (c) tris(N -acetylgalactosamine amiiiohexyl glycoside) 
amide of tyrosyl(glutamyl)-glutamate (YEE(GalNAcAH)3) linked to polylysine for the delivery 
of DNA to cells via the asialoglycoprotein receptor (Merwin et al., 1994); and (d) water-soluble 
block polycations (Kabanov et al., 1995). 

It has been known for some time that a pharmaceutically active agent can be attached to a 
carrier or molecule. The term "prodrug" is often associated with such systems wherein the 
active agent is bonded to another molecule for purposes of administration. The drug is usually 
inactive in the prodrug state and the bond is later cleaved releasing the drug at a site where it can 
be effective. However, such systems are not as useful as might be desired for various reasons, 
site specificity being one. Also, the release of the drug from its carrier requires the presence of 
some agent or event to separate the active drug from its carrier or molecule and, as such, may 
rely on factors such as the presence of a specific enzyme, pH conditions, time release and the 
like, which may be variable from host to host and which may not be effectively implemented. 

For example, transmembrane transport of nutrient molecules is a critical cellular 
function. Because practitioners have recognized the importance of transmembrane transport to 
many areas of medical and biological science, including drug therapy, peptide therapy and gene 
transfer, there have been significant research efforts directed to the imderstanding and 
application of such processes. Thus, for example, transmembrane delivery of nucleic acids has 
been encouraged through the use of protein carriers, antibody carriers, liposomal delivery 
systems, electroporation, direct injection, cell fiision, vital carriers, osmotic shock, and calcium- 
phosphate mediated transformation. However, many of those techniques are limited both by the 
types of cells in which transmembrane transport is enabled and by the conditions of use for 
successful transmembrane transport of exogenous molecular species. Further, many of these 
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known techniques are limited in the type and size of exogenous molecule that can be transported 
across a membrane without loss of bioactivity. 

One method for transmembrane delivery of exogenous molecules having a wide 
applicability is based on the mechanism of receptor-mediated endocytotic activity. Unlike many 
other methods, receptor-mediated endocytotic activity can be used successfully both in vivo and 
in vitro. Receptor-mediated endocytosis involves the movement of ligands boimd to membrane 
receptors into the ulterior of an area bounded by the membrane through invagination of the 
membrane. The process is initiated or activated by the binding of a receptor-specific ligand to 
the receptor. Many receptor-mediated endocytotic systems have been characterized, including 
those recognizing galactose, mannose, mannose 6-phosphate, transferrin, asialoglycoprotein, 
transcobalamin (Vitamin B12), a-2-macroglobulins, insulin, and other peptide growth factors 
such as epidermal grovrth factor (EOF). 

Receptor-mediated endocytotic activity has been utilized for delivering exogenous 
molecules such as proteins and nucleic acids to cells. Generally, a specified ligand is chemically 
conjugated by covalent, ionic or hydrogen bonding to an exogenous molecule of interest (i.e. the 
exogenous compound), forming a conjugate molecule having a moiety (the ligand portion) that 
is still recognized in the conjugate by a target receptor. Using this technique, the phototoxic 
agent psoralen has been conjugated to insulin and internalized by the insulin receptor 
endocytotic pathway (Gasparro, 1986); the hepatocyte-specific receptor for galactose terminal 
asialoglycoproteins has been utilized for the hepatocyte-specific transmembrane delivery of 
asialoorosomucoid-poly-L-lysine non-covalently complexed to a DNA plasmid (Wu, 1987); the 
cell receptor for epidermal growth factor has been utilized to deliver polynucleotides covalently 
linked to EOF to the cell interior (Myers, 1988); the intestinally situated cellular receptor for the 
organometallic Vitamin Bi2-intrinsic factor complex has been used to mediate delivery to the 
circulatory system of a vertebrate host a drug, hormone, bioactive peptide or immunogen 
complexed with Vitamin B,2 and delivered to the intestine through oral administration (Russell- 
Jones et al., 1995); the mannose-6-phosphate receptor has been used to deliver low density 
lipoproteins to cells (Murray and Neville, 1980); the cholera toxin binding subunit receptor has 
been used to deliver insulin to cells lacking insulin receptors (Roth and Maddox, 1983); the 
human chorionic gonadotropin receptor has been employed to deliver a ricin a-chain coupled to 
HCG to cells with the appropriate HCG receptor in order to kill the cells (Oeltmann and Heath, 
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1979); the transferrin receptor has been used to deliver mitomycin C to sarcoma cells (Tanaka et 
al., 1996) or to deliver doxorubicin to multidrug-resistant cells (Fritzer et al., 1996);the biotin 
receptor has been employed to deliver hypoxanthine-guanine phosphoribpsyl transferase 
(HGPRT) by biotinylating the HGPRT to restore growth to HGPRT deficient cells (Low et al., 
1995); and the folic acid receptor has been used to deliver antisense DNA to src-transformed 
fibroblast cells (Low et al., 1995). 

Russell- Jones et al. (1995), describes a system which involves the formation of a 
covalent bond between the pharmaceutical agent one wishes to deliver and a modified Vitamin 
Bi2 to form a conjugate molecule. The conjugate is orally administered and is then transported 
from the intestinal lumen to the circulation. Importantly, the pharmaceutical agent and the 
vitamin are bound through an amide linkage which is prone to acid hydrolysis. Russell- Jones et 
al. found that many biologically active pharmaceutical agents can be bound to B12 for facilitating 
the introduction of the drug into the blood stream through oral administration. Importantly, no 
method was provided whereby the drug-B|2 bond could be selectively cleaved, nor could 
location of the active pharmaceutical agent be controlled once activated. Instead, Russell-Jpnes 
et al. relied on biochemical degradation of the drug-Bi2 bond to release the drug in its active 
form. Importantly, under this method the drug could be released in its active form anywhere 
within the circulation system, diminishing the importance of the active transport of B^ into 
cancer tissue. Moreover, the conjugates formed under this method require the modification of 
the structure of the corrin ring of the B]2 molecule, which modification cian have serious effects 
on receptor interactions. 

Thus, there exists a need for a drug delivery system which can be utilized for the delivery 
of bioactive agents, including pharmaceuticals, peptides and oligonucleotides. There is also a 
need for a drug delivery system which can be used for site-specific release of the bioactive agent 
in the cells, tissues, or organs in which a therapeutical effect is desired to be effected. 

SUMMARY O F THR INVRNTTON 

The present invention relates to bioconjugates and the delivery of bioactive agents which 
are preferably targeted for site specific release in cells, tissues or organs. More particularly, this 
invention relates to bioconjugates which comprise a bioactive agent and an organocobalt 
complex. The bioactive agent is covalently bonded directly or indirectly to the cobalt atom of 
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the organocobalt complex. The bioactive agent is released from the bioconjugate by the 
cleavage of the covalent bond between the bioactive agent and the cobalt atom in the 
organocobalt complex, as described herein. 

The bioactive agent is any agent which is desired to be delivered to cells, tissues or 
organs for nutrient or therapeutic efifects. In accordance with the present invention, bioactive 
agents include, but are not limited to, nutrients, pharmaceuticals, drugs, peptides and 
oligonucleotides. 

The organocobalt complex is any organic complex containing a cobalt atom having 
bound thereto 4-5 nitrogen and/or chalcogens such as oxygen, sulfur, etc., as part of a multiple 
unsaturated heterocyclic ring system. In accordance with the present invention, suitable 
organocobalt complexes include, but are not limited to, cobalamin, Co[SALEN], organo- 
(pyridine)bis(dimethylglyoximato)cobalt, corrinoids, derivatives thereof and analogues thereof 
The organocobalt complexes may be unsubstituted or substituted with conventional organic 
functional groups which will not alter the basic nature of the organocobalt complex. The basic 
nature of the organocobalt complex is to directly or indirectly bind the bioactive agent 
covalently to the cobalt such that the cobalt-bioactive agent bond is readily cleavable as 
described herein. The organocobalt complex may also be covalently boimd directly or indirectly 
to a targeting molecule. The targeting molecule is a molecule for which the desired cell, tissue 
or organ has a requirement or a receptor, as described herein. 

The bioconjugate according to the present invention is administered to a subject in need 
of therapeutic treatment. The bioconjugate concentrates in a targeted cell, tissue or organ site as 
a result of the organocobalt complex. As an example, a bioconjugate containing a 
chemotherapeutic is administered to a patient and the bioconjugate concentrates in neoplastic 
cells where the active chemotherapeutic is released from the bioconjugate by cleavage. 
Similarly, other pharmaceuticals, drugs, peptides or oligonucleotides are administered to a 
subject as part of the bioconjugate which is concentrated in the desired cells, tissues or organs. 
The pharmaceuticals, drugs, peptides or oligonucleotides are released by cleavage. In one 
embodiment, the cleavage may occur as a result of normal displacement by cellular nucleophiles 
or enzymatic aciton. In a second embodiment, the cleavage is caused to occur selectively at the 
release site by an external signal. The external signal may be light or photoexcitation, i.e. 
photolysis, or it may be ultrasound, i.e. sonolysis. Further, if the photolysis takes place in the 
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presence of a magnetic field surrounding the release site, the release of the drug, such as a 
cytotoxic agent, into surrounding healthy tissue can be minimized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the structure and absorption spectrum of methylcobalamin (B12). 

Figure 2 shows the structure and absorption spectrum of ethyl-Co[SALEN] (cobalt-bis- 
[salicylidene]-ethylenediamine. 

Figure 3A shows a sequential absorption spectra of aqueous CH3-Cbl"' as a function of 
anaerobic sonolysis (pH 7.38, 100 mM Hepes, saturating Ar). 

Figure 3B shows the change in absorbance spectra following aerobic sonolysis in the 
absence of organic buffer. 

Figure 4A shows a sequential absorption spectra of aqueous compound 3 (Example 6) as 
a function of anaerobic sonolysis at pH 7.4, 100 mM Hepes, saturating Ar. 

Figure 43 shows the change in absorbance spectra following aerobic sonolysis of a 
compound 3 (Example 6) solution containing phosphate buffer. 

Figure 5 shows the effect of a chlorambucil bioconjugate on cell viability for the HCT- 
116 cell line. The results are shown for chlorambucil (■), the chlorambucil bioconjugate with 
photolysis (O), the chlorambucil bioconjugate with no photolysis (A) and the chlorambucil 
bioconjugate plus 10 equivalents of hydroxycobalamin with photolysis (v). 

Figure 6 shows the effect of a chlorambucil bioconjugate on cell viability for the HL-60 
cell line. The results are shown for chlorambucil (■), the chlorambucil bioconjugate with no 
photolysis (A) and the chlorambucil bioconjugate plus 10 equivalents of hydroxycobalamin 
with no photolysis (V). 

Figure 7 shows the effect of a chlorambucil bioconjugate on cell viability for the B-16 
cell line. The results are shown for chlorambucil (■), the chlorambucil bioconjugate with 
photolysis (O), the chlorambucil bioconjugate with no photolysis (A) and the chlorambucil 
bioconjugate plus 10 equivalents of hydroxycobalamin with photolysis (7). 

Figure 8 shows the effect of a chlorambucil bioconjugate on cell viability for the Meth-A 
cell line. The results are shown for chlorambucil (■), the chlorambucil bioconjugate with 
photolysis (O), the chlorambucil bioconjugate with no photolysis (A) and the chlorambucil 
bioconjugate plus 10 equivalents of hydroxycobalamin with photolysis (V). 
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Figure 9 shows the effect of a chlorambucil bioconjugate on cell viability for the RD-995 
cell line. The results are shown for chlorambucil (■), the chlorambucil bioconjugate with 
photolysis (O), the chlorambucil bioconjugate with no photolysis (A) and the chlorambucil 
bioconjugate plus 10 equivalents of hydroxycobalamin with photolysis (V). 

DETAILED DESCRTPTTON OF THE TNVRNTrON 

The present invention relates to bioconjugates and the delivery of bioactive agents which 
are preferably targeted for site-specific release in cells, tissues or organs. More particularly, this 
invention relates to bioconjugates which comprise a bioactive agent and an organocobalt 
complex. The bioactive agent is covalently bonded directly or indirectly to the cobalt atom of 
the organocobalt complex. The bioactive agent is released from the bioconjugate by the 
cleavage of the covalent bond between the bioactive agent and the cobalt atom in the 
organocobalt complex. The cleavage may occur as a result of normal displacement by cellular 
nucleophiles or enzymatic action, but is preferably caused to occur selectively at a 
predetermined release site by application of an extemal signal. The external signal may be light 
or photoexcitation, i.e. photolysis, or it may be ultrasound, i.e. sonolysis. Further, if the 
photolysis takes place in the presence of a magnetic field siirroimding the release site, the release 
of the bioactive agent into surrounding healthy tissue is minimized. 

The bioconjugate according to the present invention is administered to a subject in need 
of therapeutic treatment. The bioconjugate concentrates in a targeted cell, tissue or organ site as 
a result of the organocobalt complex. The bioactive agent is released from the bioconjugate by 
cleavage. In one embodiment, the cleavage may occur as a result of normal displacement by 
cellular nucleophiles or enzymatic aciton. In a second embodiment, the cleavage is caused to 
occur selectively at the release site by an extemal signal. The extemal signal may be light or 
photoexcitation, i.e. photolysis, or it may be ultrasound, i.e. sonolysis. Further, if the photolysis 
takes place in the presence of a magnetic field surrounding the release site, the release of the 
drug, such as a cytotoxic agent, into surrounding healthy tissue is minimized. 

As one example, the bioconjugate contains a chemotherapeutic agent and is administered 
to a patient having cancer. In this example, a therapeutically effective amount of the 
bioconjugate is administered intravenously to a patient such that the bioconjugate concentrates 
in the neoplastic cells. The chemotherapeutic agent is released from the bioconjugate by natural 
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means (e.g., cellular nucleophiles or enzymatic action) or preferably by means of an external 
signal (e.g., light or ultrasound). 

As a second example, the bioconjugate contains a cytotoxic agent and is administered to 
a patient having psoriasis. In this example, a therapeutically effective amount of the bioconjugate 
is administered to an afflicted skin site. The cytotoxic agent is released by natural means or 
preferably by means of an external signal. 

As a third example, the bioconjugate contains the enzymatic domain of diphtheria toxin 
(Nichols et al., 1997) and is administered to a patient having cancer. In this example, a 
therapeutically effective amount of the bioconjugate is administered intravenously to a patient 
such that the bioconjugate concentrates in the neoplastic cells. The enzymatic domain of 
diphtheria toxin is released from the bioconjugate by natural means (e.g., cellular nucleophiles or 
enzymatic action) or preferably by means of an external signal (e.g., light or ultrasound) and 
proceeds to kill the cancer cells. 

As a fourth example, the bioconjugate contains an antisense oligonucleotide against 
hepatitis B virus (Yao et al., 1996; Madoh and Blum, 1996) and is administered to a subject 
having hepatitis B. In this example, a therapeutically effective amount of the bioconjugate is 
administered intravenously to a patient such that the bioconjugate concentrates in the liver. The 
antisense oligonucleotide is released from the bioconjugate by natural means (e.g., cellular 
nucleophiles or enzymatic action) or preferably by means of an external signal (e.g., light or 
ultrasoimd) and proceeds to inhibit gene expression and replication of hepatitis B virus. 

The present invention employs the following definitions: 

Bioactive agent: any agent which is desired to be delivered to cells, tissues or organs for 
modulating or otherwise modifying cell function, including for therapeutic effects, in accordance 
with the present invention, bioactive agents include, but are not limited to, pharmaceuiically 
active compoxmds or diagnostic compounds. Bioactive agents include, but are not limited to, 
peptides, oligopeptides, proteins, apoproteins, glycoproteins, antigens and antibodies or antibody 
fragments thereto, receptors and other membrane proteins, retro-inverso oligopeptides, protein 
analogs in which at least one non-peptide linkage replaces a peptide linkage, enzymes, 
coenzymes, enzyme inhibitors, amino acids and their derivatives, hormones, lipids, 
phospholipids, liposomes, ricin or ricin fragments; toxins such as aflatoxin, digoxin. 
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xanthotoxin, rubratoxin; antibiotics such as cephalosporins, penicillin and erythromycin; 
analgesics such as aspirin, ibuprofen and acetaminophen, bronchodilators such as theophylline 
and albuterol; beta-blockers such as propranolol, metoprolol, atenolol, labetolol, timolol, 
penbutolol and pindolol; antimicrobial agents such as those described above and ciprofloxacin, 
cinoxacin and norfloxacin; antihypertensive agents such as clonidine, methyldopa, prazosin, 
verapamil, nifedipine, aptopril and enalapril; cardiovascular agents including antiarrhythmics, 
cardiac glycosides, antianginals and vasodilators, central nervous system agents including 
stimulants, psychotropics, antimanics and depressants; antiviral agents; antihistamines such as 
chlorphenirmine and brompheniramine; cancer drugs including chemotherapeutic agents, such as 
chlorambucil, carboplatin, deratives of busulfan, doxorubicin, etoposide, topotecan (TPT); 
tranquilizers such as diazepam, chordiazepoxide, oxazepam, alprazolam and triazolam, anti- 
depressants such as fluoxetine, amitriptyline, nortriptyline and imipramine; H-2 antagonists such 
as nizatidine, cimetidine, famotidine and ranitidine, anticonvulsants; antinauseants; 
prostaglandins; muscle relaxants; anti-inflammatory substances; stimulants; decongestants; 
antiemetics; diuretics; antispasmodics; antiasthmatiics; anti-Parkinson agents; expectorants; 
cough suppressants, mucolytics; vitamins; and mineral and nutritional additives. Other 
molecules include nucleotides; oligonucleotides; polynucleotides; and their art-recognized and 
biologically functional analogs and derivatives including, for example, methylated 
polynucleotides and nucleotide analogs having phosphorothioate linkages; plasmids, cosmids, 
artificial chromosomes, other nucleic acid vectors; antisense polynucleotides including those 
substantially complementary to at least one endogenous nucleic acid or those having sequences 
vvith a sense opposed to at least portions of selected viral or retroviral genomes; promoters; 
enhancers; inhibitors; other ligands for regulating gene transcription and translation. In addition, 
the bioactive agent can be any other biologically active molecule that can form a conjugate with 
an organocobalt complex. The bioactive agent may further contain a spacer which provides a 
covalent bond with the cobalt atom of the organocobalt complex, but which does not adversely 
affect the biological activity of the bioactive agent. 

Bioconjugate: a conjugate containing a bioactive agent and an organocobalt complex in 
which the bioactive agent is covalently bound directly to the cobalt atom or is covalenly bound 
indirectly to the cobalt atom via a spacer. 
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Non-reactive atom: an atom in the bioactive agent that will not lead to rearrangement or 
destruction of the bioactive agent under conditions of ligand exchange during receptor-mediated 
endocytosis, but that instead will reproduce the original form of the bioactive agent (or bioactive 
agent and spacer) and thereby unmask an active bioactive agent. The non-reactive atom may be 
a carbon atom, a nitrogen atom, an oxygen atom, a sulfur atom, a seleniimi atom or a silicon 
atom, A carbon atom (e.g. from an alkyl, acyl or aryl group) is particularly preferred. Such non- 
reactive atoms are also used in forming the covalent bond between the cobalt and the spacer. 

Organocobalt complex: an organic complex containing a cobalt atom having bound 
thereto 4-5 calcogens as part of a multiple unsaturated heterocyclic ring system. In accordance 
with the present invention, suitable organocobalt complexes include, but are not limited to, 
cobalamin (coenzyme B12), Co[SALEN] (which is a cobalamin analogue), organo(pyridine)- 
bis(dimethylglyoximato)cobalt, corrinoids (such as disclosed by Brown et al., 1996) and 
derivatives or analogues of any of the preceding, as well as pharmaceutical ly acceptable salts. 
The organocobalt complexes may be unsubstituted or substituted with conventional organic 
functional groups which will not alter the basic nature of the organocobalt complex. The basic 
nature of the organocobalt complex is to bind the bioactive agent covalently to the cobalt such 
that the cobalt-bioactive agent bond is readily cleavable as described herein. Examples of 
substituents which may be found on the organocobalt complex include amino, nitro, halogen 
(bromine, chlorine), sulfito, C2.6-alkene and alkyne. For example, the organocobah complex 
can be formed having a nitro and/or halo (e.g., bromo) derivative of the corrin ring or having an 
extended conjugation with exocyclic olefin or alkylene groups. Other derivatives include 
cobalamin lactone, cobalamin lactame and those in which the benzimidiazole ring (e.g., of 
cobalamin, green corrinoid, and the like) are substituted with e.g., one or more halogen 
(bromine, chlorine), hydroxy or Ci.^ alkyl. Such substituents are useful for increasing the X^^^ 
to be used for cleavage of the bioconjugate as described herein. Further derivatives include 
anilide, ethylamide, mono-, di- or tri-carboxylic acid or proprionamide derivatives of cobalamin 
of Vitamin B12. In one embodiment, the organocobalt complex is any organic complex 
conaining cobalt which is bound by transcobalamin and transported into a cell by a receptor- 
mediated process involving transcobalamin. In a second embodiment, the organocobalt complex 
may also be covalently bound directly or indirectly (through a spacer) to a targeting molecule, 
wherein said targeting molecule is bound by its receptor and the complex is transported into a 
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cell by a receptor-mediated process. Co[SALEN] and its derivatives or analogues can be 
represented by the general formula 



wherein the substitutents may be included or omitted to modulate physical properties of the 
molecule, e,g., water solubility, stability or « the wavelength at which the coniplex absorbs. 
Thus, the substituents are as follows: R is H, a group which increases water solubility and/or 
stability or a group for attachment of a targeting molecule and W, W, X, X\ Y, Y\ Z and Z' are 
independently H, a group which increases water solubility and/or stability, a group for 
attachment of a targeting molecule or a group for modified absorbance of energy, or W and X 
together and W and X* together are a 4-6 member cyclic or heterocyclic ring, or Y and Z 
together and Y' and Z' together are a 4-6 member cyclic or heterocyclic aromatic ring. 
Examples of groups for enhancing water solubility include amino, Ci_6 alcohol, Cj^ carboxyl for 
any substitutent, or also SO3- for the substitutents other than R. Examples of groups for 
attachment of a targeting molecule include amino, C]^ alcohol and Ci.^ carboxyl for any 
substitutent. Examples of groups for modifying absorbance include CH2OH, CO2H, SO3-, 
amino and nitro for the substitutents other than R. Such groups are useful for increasing the 
wavelength of light to be used for cleavage of the bioconjugate as described herein, while 
targeting molecules are useful in selectively targeting the bioconjugate to the desired tissue. 
Therefore, when used in the context of the present application, the term organocobalt complex, 
imless specifically identified, shall be inclusive of B12 in all its embodiments, including 
coenzyme B|2, Co[SALEN] and other B12 or Bi2-Hke molecules, the organocobalt complexes 
defined herein, as well as any derivatives and analogues thereof 

Spacer: an atom or molecule which covalently binds together two components. In the 
present invention, a spacer is intended to include atoms and molecules which can be used to 
covaltently bind a bioactive agent to the cobalt atom of an organocobalt complex or to 
covalently bind a targeting molecule to an organocobalt complex. The spacer must not prevent 
the binding of the organocobalt complex or the targeting molecule with its appropriate receptor. 



R 



R 
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Examples of suitable spacers include, but are not limited to, polymethylene [-(CH2)n, where n is . 
1-10], ester [bioactive agent attached to O and Co to C = O], carbonate, ether, acetal or any 
combination of two or more of these units. A skilled artisan will readily recognize other spacers 
which can be used in accordance with the present invention. 

Several of these spacers are useful as a "self-destructing" linker group. That is, some or 
all of the linkage would be consumed in a fragmentation reaction. This means that, following 
cleavage of the C-Co bond by photolysis or sonolysis, an additional cleavage will take place 
several bonds away, leading to the formation of a small, unsaturated (and typically volatile) 
molecule made up of atoms of the former linker. This is shown schematically below: 

linker atoms 

' — ' — » -L— L— Drug ^ L=L • Daig 

L— L— D rug ^ 

Co(ll) 

innocuous 
volatile cpedeK 




The most typical scenario is the subsequent cleavage of a second bond, two bonds removed from 
the first. Thus, most self-destructive linkers would contain a two-atom unit whose extrusion as a 
small, gaseous molecule is favorable. Another design feature is to have the new radical species 
which is generated after the second cleavage step be an especially stable kind of radical. 
Examples of self-destructing linkers are shown below: 

Hz 

Co(ilir^-C'°~^ Co(ll) "2^-0-°^^^ *^ CH2=CH2..Dmg 

Hp H2 



Co(llir°-C''°'^ - Co(ll) ^-C-'^^^ ^ CO^.-Drug 

o o 

o o 

Codlir^^O-^'"^ ^ CO(II) -^-^0-°^^ ^ C02..Da,g 



Targeting Molecule: a molecule which is bound by a receptor and transported into a 
cell by a receptor-mediated process. Examples of suitable targeting molecules include, but are 
not limited to, glucose, galactose, mannosc. marmose 6-phosphate, transferrin. 
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asialoglycoprotein, a-2-macroglobulins, insulin, a peptide growth factor, cobalamin, folic acid 
or derivatives, biotin or derivatives, YEE(GalNAcAH)3 or derivatives, albumin, texaphyrin, 
metallotexaphyrin, porphyrin, any vitamin, any coenzyme, an antibody, an antibody fragment 
(e.g., Fab) and a single chain antibody variable region (scFv), A skilled anisan v^ill readily 

5 recognize other targeting molecules (ligands) which bind to cell receptors and which are 
transported uito a cell by a receptor-mediated process. The present invention is intended to 
include all such targeting molecules. 

The present invention takes advantage of the cellular properties of cobalamin and 
cobalamin analogues or derivatives, as well as the cellular properties of other targeting 

10 molecules. For example, studies have shown that the absorption of physiological amounts of 
vitamin B|2 by the gut requires that it be complexed with a naturally occurring iranspon protein 
known as intrinsic factor (IF). (Castle, 1953; Fox and Castle, Allen and Majerus, 1972b). This 
protein is released into the lumen of the stomach by parietal cells in the fundus. Once bound lo 
intrinsic factor, the B,2-IF complex interacts vAth a membrane bound receptor for IF located on 

15 the terminal ileum of the small intestine. The receptor-IF-Bi2 complex is then internalized by a 
process of receptor-mediated endocytosis (RME). Allen and Majerus demonsu-ated that it is 
possible to chemically modify B,2, couple it to a resin and use the Bij-resin to affinity purify IF 
(Allen and Majerus. 1972a). This fmding suggests the possibility of coupling a large 
macromolecule (such as the resin used by Allen and Majeras, 1972a) to B,2 while still 

20 preserving its ability to interact specifically with intrinsic factor and thus be part of the active 
transport system. By coupling molecules to B12 in such a way as to preserve the ability of B,^ to 
interact with intrinsic factor, it was found that the natural uptake mechanism for orally 
administered B12 could be used to deliver various proteins, drugs or other pharmaceutically 
active molecules from the intestinal lumen to the circulation. It has been found that B,2 is 

25 naturally concentrated in cancer tissue through a similar transport mechanism. 

In mammals, B,2 is transported in the blood by transcobalamin proteins TC-L TC-IL and 
TC-III. The major form of B12 in the blood is methylcobalamin and the largest store of B,2 is 
adenosylcobalamin in the liver. Rapidly dividing cells, including cancer cells, require coenzyme 
Bi2 for thymidine production during DNA synthesis. It has been reported by Carmel (1975) that. 

30 in some patients with tumors, up to 50-fold increases in the major cobalamin uanspon proteins 
TC-I and TC-II have been observed. Waxman et al. (1972), report the finding of tumor specific 
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B|2 binding proteins that circulate in the blood. In each instance, these increases in TC transport 
proteins and the corresponding systemic depletion of were not the result of megaloblastosis, 
granulocyte proliferation, or any other pathogenic B|2 deficiency. 

In a second example of receptor-mediated endocytosis, folate receptors that mediate 
endocytotic activity have previously been identified in bacterial cells (Kumar et al., 1987) and 
used for delivery of biologically active materials (Low et al., 1995). Folic acid, folinic acid, 
pteropolyglutamic acid, and folate receptor-binding pteridines such as tetrahydropterins, 
dihydrofolates, tetrahydrofolates and their deaza and dideaza analogs are useful as targeting 
molecules in accordance with the present invention. The terms "deaza" and "dideaza" analogs 
refer to the art-recognized analogs having a carbon atom substituted for one or two nitrogen 
atoms in the naturally-occurring folic acid structure. For example, the deaza analogs include the 
1 -deaza, 3-deaza, 5-deaza, 8-deaza, and 10-deaza analogs. The dideaza analogs include, for 
example, 1,5-dideaza, 5,10-dideaza, 8,10-dideaza, and 5,8-dideaza analogs. The foregoing folic 
acid deriatives are conventionally termed "folates," reflecting their capacity to bind with folate- 
receptors, and such ligands when complexed with exogenous molecules are effective to enhance 
trans-membrane transport. Other folates useful as complex forming ligands for this invention 
are the folate receptor binding analogs aminopterin, amethopterin (methotrexate), N**^- 
methylfolate, 2-deamino-hydroxy folate, deaza analogs such as 1 -deazamcthopterin or 3- 
deazamethopterin, and 3 '5 '-dichloro-4-amino-4-deoxy-N *^-methylpteroyl-glutamic acid 
(dichloromethotrexate). Other suitable ligands capable of binding to folate receptors to initiate 
receptor-mediated endocytotic transport of the complex include anti -idiotypic antibodies to the 
folate receptor. An exogenous molecule in complex with an anti-idiotypic antibody to a folate 
receptor is used to trigger trans-membrane transport of the complex. Such molecules are used in 
accordance with the present invention as a targeting molecule. 

In a further example of receptor-mediated endocytosis, biotin receptors have been used to 
mediate endocytotic activity (Low et a!., 1995). Biotin analogs such as biocytin, biotin 
sulfoxide, oxybiotin and other biotin receptor-binding compounds are ligands that may also be 
used as suitable targeting molecules to promote the trans-membrane transport of exogenous 
molecules in accordance with this invention. Other compounds capable of binding to biotin 
receptors to initiate receptor-mediated endocytotic transport of the complex are also 
contemplated. These can include other receptor-binding ligands such as, for exmple, anti-idiotypic 
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antibodies to the biotin receptor. An exogenous molecule complexed with an anti-idiotypic 
antibody to a biotin receptor could be used to trigger trans-membrane transport of the complex. 
Such molecules are used in accordance with the present invention as a targeting molecule. 

Other examples of targeting molecules include glucose, galactose, mannose, mannose 6- 
phosphate, hormones (e.g., insulin, growth hormone, and the like), growth factors or cyokines 
(e.g., TGF-p, EGF, insulin-like growth factor, and the like), YEE(GalNAcAH)3 or derivatives, 
cobalamin, a-2 macroglobulins, asialoglycoprotein, albimiin, texaphyrin, metallotexaphyrin, 
antibodies, antibody fragments (e.g., Fab), single-chain antibody variable region (scFv), 
transferrin, any vitamin and any coenzyme. 

As previously described, a bioconjugate of the present invention comprises a bioactive 
agent conjugated directly or indirectly via a covalent bond to the cobalt atom of an organocobalt 
complex. The bioactive agent is conjugated directly to the cobalt atom through a non-reactive 
atom in the bioactive agent or is conjugated indirectly to the cobalt atom through the use of a 
spacer. Therefore, in contrast to the conjugates formed under U.S. Patent 5,428,023, the 
attachment of a bioactive agent to the cobalt atom in the axial position does not interfere witli 
receptor-mediated endocytosis from the blood into cells. 

The unusually weak cobalt-non-reactive atom bond (e.g., C-Co bond) of the bioconjugate 
provides a readily addressable trigger for the controlled in vivo release of the bioactive agent from 
the organocobalt complex. The bond dissociation energy (BDE) of Co-non-reactive atom bond in 
the bioconjugate is in the range of 30 to 50 kcal/mol (e.g., 30-40 kcal/mol range for a Co-C 
bond) which make them among the weakest covalent bonds known, yet the bond is relatively 
stable in aqueous solution. 

A common strategy will employ the modification of the anticancer drug so that it 
possesses an electrophilic site which can react with the highly nucleophilic Co(I) intermediate 
generated upon treatment of hydroxycobalamin with NaBH4. This structural modification will 
be sufficiently far removed from the active site (pharmacophore) to preclude any interference 
with the desired biological activity. Approaches used in the case of chlorambucil are typical: 
the carboxylic acid group of chlorambucil is converted to either an acid chloride or a bromoethyl 
ester, either of which can be efficiently coupled with cob(I)alamin. 
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General Strategy: 
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For example, reduced Cbl is prepared by NaBH4 or ^i^c dust reduction, e.g. of hydroxo- 
cob(III)alainin. In the above scheme, the drug can be a cytotoxic agent, other drug or other 



bioactive agent as described herein. In other schemes, a spacer containing a carbon atom or 
other atom such as that specified for the non-reactive atom for binding to the cobalt atom and 
which also contains a reactive grouping, e.g. -OH or -CN, which is further reacted with the 
bioactive agent, is introduced. Other reactive groups, e.g. -NH2, -SH, -COOH, etc, can also be 
utilized for coupling to a bioactive agent. It is important to note that, in some cases (e.g., 
chlorambucil, doxorubicin), the small organic molecule released is not the parent drug, but rather 
retains some of the modification installed to allow coupling. In other cases (e.g., topotecan). the 
structure of the released drug may correspond to the parent molecule. 

More specific details of the synthesis of representative bioconjugates according to the 
present invention are as follows, using a "drug" which can be replaced by any suitable bioactive 
agent and cobalamin which can be replaced by any suitable organocobalt complex. In this 
synthesis, all procedures are under argon. Hydroxocob(III)alamin is dissolved in aqueous 
CH3OH (1:1 v/v) at 25*^0. A 2-10 fold excess of NaBH^ is added The solution slowly changes 
color from red to brown and gradually green (Cbl*). After approximately 15 min. the 
electrophilic drug ligand (dissolved in the same deoxygenated solvent) is added, e.g., as an alkyl, 
acyl or aryl chloride. Strictly anaerobic conditions are maintained and the reaction mixture is 
stirred gently at 25°C. The color gradually changes back to red as Cb' is converted to alkyl-, 
acyl-, or aryl-Cbl'". After about 1.5 h, the solution is acidified to pH 3.0 with dilute HCl. 
Methanol is removed under reduced pressure by rotary evaporation at less than 40°C. The 
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resulting aqueous solution is diluted with an equal volume of H2O and loaded onto a Dowex 
AG-50-X2 (200-400 mesh) cation exchange colunm. The colunm is washed sequentially with 
H2O and 0.1 M NaOAc, pH 6.4. Fractions containing drug-cob(III)alamins appear red and are 
collected appropriately. Unreacted hydroxocob(in)alamin is retained on the column. Combined 
fractions of drug-cob(III)alamin are extracted with phenol and concentrated by rotary 
evaporation, Drug-cob(III)alamins can often be crystallized by the addition of acetone to a 
concentrated aqueous solution. Characterization of the alkyl-, acyl-, or aryl-cobalamin 
conjugates is by NMR, mass spectrometry (FAB, CI, or electrospray), and IR methods. 

A methotrexate-containing bioconjugate can be synthesized by the following methods. 

In method one utilizing the above procedure, methotrexate (MTX) is converted to its 
corresponding acyl chloride and reacted with cobalamin and/or Co(in)[SALEN] and/or other 
disclosed organocobalt complexes to yield methotrexate-cobalamin and methotrexate- 
Co(III)[SALEN] according to the following reaction scheme I. In the alternative method two, 
the C-Co bond is first formed from an acyl chloride having a protected amino group. The amino 
group is then deprotected, followed by fomiation of the amide bond to an aminobenzoylpterin 
according to the following reaction scheme II. 
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An aminopterin-containing bioconjugate can be synthesized by the following method. 
The des-methyl derivative of methotrexate (aminopterin) is coupled to cobalt as shown by the 
following reaction formula, in which the iminium ion is either reacted with Co(l) directly, or the 
iminium ion is converted to the aminonitrile and then slowly unmasked to reveal the iminium 
cation. 




o 



A topotecan-containing bioconjugate can be synthesized by the follov^nc method. The 
cytotoxic activity of topotecan (TPT) or camptothecin (CPT) arises from their ability lo freeze 
lopoisomerase I-DNA "cleavable complexes." fPommier et a!., 1995) Since some tumor types 
display greatly elevated levels of topo I (Giovanella el al.. 1989), lopoisomerase poisons of this 
type are likely to have a higher therapeutic index in the treatment of those cancers. However, 
treatment with camptothecin derivatives could be made more general if used in conjunction with 
the targeted delivery approach. 

Topotecan is conjugated to cobalamin, Co[SALEN] and other organocobalt complexes 
according to the following reaction schemes. Camptothecin is conjugated in a similar manner. 
Preparation of 10a and 10b involves similar chemistry to that discussed above for 8a,b. 
Selective generation of the phenyl chloroformate (25) of topotecan (5) and acylation of Co(I) 
gives 10a. Exposure of 25 to 18 or ueaunent of 5 with the previously discussed chloroformate 
19 furnishes 10b. Conjugates 10c,d will require somewhat longer routes, as they camiot be 
prepared directly from 5. However, the established synthetic route for conversion of the natural 
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product C£imptothecin to 5 can be modified at the appropriate point to allow for attachment of the 
cobalt complex. The first three steps to prepare phenolic intermediate 26 are known (Mulliez et 
al., 1994), Mannich-type substitution with formaldehyde/dimethylamine then gives 5. Use of 
methylamine gives the corresponding secondary amine 27. At this point, linkage to Co via a 
5 methylene to give 10c is possible via Co(I) trapping of a second, in situ generated imminum salt. 
Alternatively, N-alkylation with 23 gives lOd. Cleavage of 10a and 10b provides 5 directly via 
fragmentative pathway or indirectly via other products. Cleavage of 10c with hydrogen 
extraction yields 5. Cleavage of lOd yields the product 5 havmg an ethylmethylamino group in 
place of the dimethylamino group. 
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A busulfan-containing bioconjugate can be synthesized by the following method. 
Busulfan is an alkylating agent used therapeutically against chronic myelogenous leukemia 
(CML), The preferred point for attaching busulfan to the organocobalt complex, is on one of the 
alkanesulfonate units. A slight change in the structure of the sulfonate portion of the ester is will 
not exert a large effect on the ability of the released drug to crosslink DNA. Cleavage of 7a 
followed by hydrogen abstraction furnishes the mixed ethanesulfonate/methanesulfonate 2b. 
Trapping of the carbon radical xmder oxidative conditions produces mixed bis(sulfonatc) 2c, 
which is also a competent crosslinking agent. Cleavage of 7b results in the release of the parent 
drug 2a after hydrogen abstraction. 

Bis-methylsulfonate busulfan is conjugated to cobalamin, Co[SALEN] and other 
organocobalt complexes according to the following reaction schemes. For the preparation of 7a, 
the commercially available sodium salt of bromoethanesulfonic acid (11) serves as the starting 
point. Heating with phosphorus pentachloride furnishes the corresponding sulfonyl chloride 12 
as a distillable liquid. Treatment with Co(I) leads to preferential displacement of the bromide to 
furnish 13. which is converted to 7a by sequential treatment with 1 ,4-butanediol and mesyl 
chloride. The order of the final three steps can be changed; for example, treatment of 12 with 
excess butanediol, followed by mesyl chloride gives the mixed bis(sulfonatc) 14. Selective 
displacement of the primary bromide by Co(l) then gives 7a. In the case of conjugate 7b, 
treatment of 2-bromobutane-l,4-diol (which is readily available from malic acid diester) with 
Co(I) gives adduct 15. Bis(mesylation) gives 7b. Alternatively, 7b is prepared from 16 (X = Br 
or I) with selective displacement of the halide. 
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A chlorambucil-containing bioconjugate can be synthesized by the following methods. 
Chlorambucil is a relatively stable nitrogen mustard with attenuated alkylating ability, 
presumably as a consequence of the less-basic aniline nitrogen. 

Method One: In this procedure, chlorambucil is converted to the acid chloride followed 
by reaction with cob(I)alamin or Co(I)[SALEN] according to reaction sequence L In situations 
where the acyl linkage to the organocobalt complex is too labile towards serum nucleophiles, 
two alternate bioconjugation procedures can be utilized. 

Method Two: The procedure involves bromination of a carbon atom adjacent to the 
carboxyl group under standard Hell-Vollhardt-Zelinski conditions to permit attachment of the 
Co complex in the a-position according to reaction sequence II. In scheme II, replacement of 
the C-Co with C-H provides chlorambucil. The reactant stoichiometry, temperature, and 
dilutions conditions can be manipulated to avoid competing displacement of one of tlic 
chloroethyl groups, or of the CI by 5^2 attack. 

Method Three: The BOC-protected p-aminophenylacetaldehyde can be conjugated to the 
Co moiety, followed by formation of the active nitrogen mustard product according to the 
following reaction sequence III. 
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A cMorambucil, ethyl ester-containing bioconjugate can be synthesized by the following 
methods. When conjugating a drug via a carboxyl group, as in the case of chlorambucil, linking 
the drug to the cobalamin via a hydroxyethyl tether may be desirable. This can be accomplished 
by one of two convenient routes, both of which are schematically illustrated below. First, 
2-hydroxyethyl-cob(III)alamin can be readily prepared from cob(l)alamin and bromoethanol. 
Esterification is carried out imder standard conditions, i.e. by reaction of a carboxylic acid 
(chlorambucil) with an alcohol (2-hydroxyethylcob(in)alamin) in the presence of 
dicyclohexylcarbodiimide (DCC) (or water-soluble derivatives such as EDCI) and a catalytic 
amount of 4-N,N-dimethylaminopyridine (DMAP) and its hydrochloride salt (DMAP-HCl) in 
dichloromethane or toluene. Alternatively, the ester-linked conjugate can be prepared by fu-st 
forming the 2-bromoethyl ester of chlorambucil and then reacting the ester with cob(I)alamin to 
provide the same product. The reaction schemes (I, 11) are shown below. With this mode of 
attachment, cleavage from the bioconjugate leads to release of the ethyl ester of chlorambucil 
according to reaction scheme III. 
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An etoposidc-containing bioconjugatc can be synthesized by the following method. 
Etoposidc is a semisynthetic derivative of the natural product epipodophyllotoxin thai is widely 
used against a variety of tumors, especially small cell lung carcinoma and germ cell tumors (De 
Jong ct al., 1995). It has also shown considerable promise in the treatment of refractory cases of 
ovarian and breast cancer. Etoposide appears to function as a topoisomerase II poison. 

Etoposide is conjugated to cobalamin, Co[SALEN] and other organocobalt complexes 
according to the following reaction schemes. Bioconjugates 8a and 8b require conversion of 
the free phenol of etoposide (3) to the corresponding chloroformate 17. Direct acylation with 
Co(I) gives acylCo(III) derivative 8a, while treatment with the previously described 
hydroxyethylCo(III) derivative 18 fiimishes carbonate 8b. Tliis derivative is also available via 
acylation of 3 with the chloroformate 19 derived from 18. Preparation of acetal-modificd 
conjugate 8c may be more challenging. The ethylene acetal of 3 can be hydrolyzed and then the 
acetal reformed using aldehyde 20a or dimethyl acetal 20b fKcllcr-Jusl et al., 1971 ). Compound 
20a may also be accessed via careful, selective oxidation of 18, while 20b should be available 
via alkylation of the Co(I) derivative with commerically available bromoacetaldehyde dimethyl 
acetal. In addition, the acetal of glucose can be formed and then the secondary alcohol of 21 can 
be glucosylated . Cleavage of 8a or 8b cither give 3 directly via fragmentative pathways, or 
furnish products which can undergo eventual hydrolysis to 3. Trapping with H« followinu 
homolysis of 8c would then furnish 3. 
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A doxorubicin-containing bioconjugate can be synthesized by the following method. 
Doxorubicin (4) is the most widely used of the anthracycline antibiotics, and is clinically useful 
against a broad spectrum of solid and hematological tumors. Like etoposidc, doxorubicin 
appears to target topoisomerase II, ultimately leading to growth arrest and nonapoptotic cell 
death (Fomari et al., 1996; Ling et al., 1996), The clinical usefiilness of doxorubicin is limited 
by nonspecific toxicity, especially cardiotoxicity. Thus, it would appear to be a particularly 
good candidate for selective delivery. This is confirmed by its frequent use in liposome-based 
methods (Hu et al., 1996; Longman et al., 1995; Hosada et al., 1995), as part of 
inMnunoconjugates (Johnson et al., 1995; Sivam et al., 1995), or in prodrug approaches 
(Svensson et al., 1995). 

Doxorubicin conjugated to cobalamin, Co[SALEN] and other organocobalt complexes 
according to the following reaction schemes. For the synthesis bioconjugate 9a, the 
condensation of the daunosamine amino group with acyI-Co(III) complex 22 is performed. This 
reaction forms the 2-pyrroline ring in analogy to published routes using 4-iodobutyraldehyde 
and 5-iodo-2-pentanone.(9b) The acyclic tertiary amine derivative 9b is available from 4 via 
initial reductive amination with acetaldehyde, then alkylation of the resulting secondary amine 
vnih the mesylate 23 derived from 18. Alternatively, treatment of 4 with chloroformatc 19 
provides carbamate 9c. If alternative points of attachment arc desired, hydrazone-linked 
derivatives such as 9d can be used using simple cobalamin alkyl hydrazidcs such as 24, 
obtainable from 23. The cleavage of these bioconjugates is shown in the reaction scheme below. 
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A carboplatin containing bioconjugate can be synthesized as shown in the following 

reaction scheme. 
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A pcptide-containing bioconjugate can be synthesized by the following methods: (1) 
The C-terminal carboxyl group of the peptide can be activated and used to acylate Co(I), in 
analogy to the acylation of Co with chlorambucil acid chloride. (2) The C-tertninal carboxyl 
group can be esterified with bromoethanol, in analogy to the other chlorambucil route, and the 
bromide displaced with Co(I). (3) The N-terminal amino group of the peptide can be treated 
with CH,=0 and Co(I) to foim a Co(IIl)- CHj-NH-peptide linkage, in analogy to the synthesis 
of the topotecan bioconjugate. (4) A Co(III)-amino acid complex can be prepared, and used in a 
coupling step with the remainder of the peptide. These methods can involve attachment of the 
Co at either the N- or C-terminus, or via a side-chain. A longer linker may be employed in any 
of these routes, if it is desirable to keep the cobalt complex fiirther removed from the peptide 
chain. 
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An oligonucleotide or nucleic acid containing bioconjugate can be synthesized by the 
following methods. In both methods, a phosphate ester is used to link the end of the nucleotide 
5 and a hydroxyethyl-Co group. This linkage can be accomplished by either directly coupling Co- 
CH2CH2-OH and Nucl-OPOi^" , or by esterifying Nucl-OPOj^' with Br-CHjCHj-OH, then 
displacing the Br with CoG), as above. 
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An unsymmetrically substituted CofSALEN] complex can be prepared from 5-amino- 
salicylaldehyde and the glycolate ether of 2,5-dihydroxybcnzaldehydc. The amino group, which 
is prepared from commercially available 5-nitrosalicylaldchyde, functions as the attachment for 
the targeting molecule (binding domain, BD) by way of EDCl-catalyzed amide formation. The 
other molecule has a carboxylic acid unit attached for solubility enhancement. Coupling of these 
two molecules with ethylenediamine and Co(II) acetate I'urnishcs a mixture of three complexes: 
the two symmetrical complexes and the mixed one. All of these are useful, although the one 
lacking a BD-unit attached to either side of the SALEN is less preferred. 

With regard to binding domains, two possiblities are shown: a cobalamin derivative, and 
a peptide. In the former case, the known carboxylic acid is used to attach cobalamin to the 
amino group of the SALEN. This bioconjugate still usees cobalamin-based receptor-mediated 
endocytosis to get into the cell, but the drug is attached through the SALEN instead of the 
cobalamin. The latter case uses a peptide known to bind to cell surface receptors of tumor cells 
(e.g., a fragment of epidermal growth factor), with the carboxyl terminus attached to the amino 
group on the SALEN. Alternatively, one of the glutamate carboxyl groups of folate is used to 
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obtain a folate-based bioconjugate. In addition to connecting the binding domain via an amide 
linkage, one could use reductive amination if the targeting molecule contained an aldehyde (BD- 
CHO + SALEN-NH2 + NaBH4), or one could use the carboxyl group on the other piece to form 
an amide or ester linkage. Many other approaches (e.g., ether formation, olefination by Wittig 
5 reaction, attachment via a diester or diamide linker, etc.) are also possible. 
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Extended benzenoid systems of the SALEN ligands are shown below. 



R R J 

>-< M 




As a starting point in their synthesis, any of the commercially available naphthalene diols 
can be used. The diols undergo formylation reactions to furnish the molecules shown below. 
These moleucles are then be coupled with Co(II) acetate and various diamines to give the 
extended Co[SALEN] complexes. The OH groups on the second ring can be left intact, used to 
attach the binding domain, or modified to enhance water solubility through attachment of a polar 
group, such as polyamine, polycarboxylic acid, or carbohydrate moiety. 




HO 
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Modification of quinolines and isoquinolines are also carried out to give pyridine-fused 
SALENS. 




OH CHO 




Along similar lines, SALENs derived from monocyclic heteroyclic hydroxyaldehydes are made, 
examples of which are shown below. 



CHO 
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A bioconjugate containing the "green coninoid" (Brown et ah, 1996) can be synthesized 
as follows. The "green corrinoid" can be reduced in analogy to cobalamin, and that the reduced 
coninoid will react with iodomethane to form the methylCo(III) corrinoid. Since the 
methylCoCIII) corrinoid exhibits similar behavior to natural cobalamin, similar conjugation 
procedures with the electrophilic drug derivatives described above can be carried out. 




"green corrinoid" 

The bioconjugates of the present invention have the improved property of being capable 
of targeted, selective release of the bioactive agent from the bioconjugate. The bioactivc agent is 
is released from the bioconjugate by cleavage. In one embodiment, the cleavage may occur as a 
result of normal displacement by cellular nucleophiles or enzymatic aciton. In a second 
embodiment, the cleavage is caused to occur selectively at the release site by an external signal. 
The external signal may be light or photoexcitation, i.e. photolysis, or it may be ultrasound, i.e. 
sonolysis. Further, if the photolysis takes place in the presence of a magnetic field surrounding 
the release site, the release of the drug, such as a cytotoxic agent, into surrounding healthy tissue 
can be minimized. 

Although it is desired to cause the bioactive agent to be released at the desired cells, 
tissue or organs, e.g., at the site of the tumor or other cancer cells, it is also desirable to protect 
adjacent tissues from the negative side effects of such potent agents. The bioactive agent is 
released from the bioconjugate at the targeted site preferably by application of an external signal, 
such as light or ultrasound. The photolysis of the bioconjugates of the present invention occurs 
though cleavage of the Co-C bond to produce a solvent-cagcd radical pair consisting of Co(II) 
and the bioactive agent radical (R-). Lott et al. (1995) demonstrate that alkylcob(III)alamin 
photolysis can undergo magnetic field dependent recombination. A magnetic field application of 
100-3000 gauss can be used to enhance radical pair recombination in surrounding tissue where 
drug release from the conjugate is not desired, leading up to at least a 2-fold decrease in 
photochemically-triggered drug release in such surrounding healthy tissue. 
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The sonolysis of the bioconjugates of the present invention occurs through cleavage of 
the Co-non-reactive atom bond in aqueous solution to produce the bioactive agent and a Co(II) 
(e.g.. cob(II)alamin (Cbl")) under anaerobic conditions or the bioactive agent and aquoCo-(III) 
(e.g., aquocob(III)alamin (HzO-Cbl'")) under aerobic conditions. In either event, sonolysis from 
the focused application of ultrasound, results in Co-non-reactive atom bond cleavage and the 
irreversible release of the bioactive agent from the organocobalt complex. 

The bioconjugates of the present invention can undergo natural cleavage as follows. 
Bioconjugates may be cleaved by natural means such as by serum nucleophiles. Once inside the 
cell, cobalamin-drug bioconjugates (utilized here only as an example and not intended to limit 
the invemion) can undergo cleavage by a variety of mechanisms. Standard B.^ ligand exchange 
mechanisms permit the displacement of the drug. Alternatively, cellular nucleophiles can attack 
at either the carbon or the cobalt atoms of the Co-C bond. Cyanide is the most common example 
of a nucleophile which attacks at cobalt, leading to cyanocob[III]alamin and a free drug in which 
the former C-Co bond has been replaced with a C-H bond. Thiols (such as are found in cysteine 
or glutathione) can attack at carbon, leading to a reduced cob[I]alamin and a free drug which 
incorporates the former thiol group.ie.g., R-Co[III] + R'-SH + base -> R-S-R' + Co[I] + base-H.) 
Hydroxide and other basic agents can also cleave organic ligands from Co[III] complexes, 
although this typically occurs via an elimination process which alters the structure of the ligand 
through incorporation of a new double bond. In addition, B.^ metabolic enzymes presem in cells 
can result in the cleavage of the bioactive agent from the co-atom. 

The bioconjugates of the present invention can undergo cleavage by photoactivaiion or 
photolysis as follows. The photochemical release of the bioactive agem from the organocobalt 
complex can be triggered by the application of visible light at 400-800 mn. It is preferred to use 
organocobalt complexes which require longer wavelengths of visible light (600-800 mn), more 
preferably red light (600 to 750 mn). When photolysis is utilized for the release of the bioactive 
agem fonn the bioconjugate, it is particularly preferred that the non-reactive atom of the 
bioactive agent or the atom of the spacer bound to the cobalt atom be a carbon atom. 

The vitamin B„ cefaclor occurs naturally in two forms: adenosylcob(in)alamin. 
(AdoCbl"'), also known as coenzyme B,„ and methylcob(in)alamin (CHjCb"'). The remarkably 
weak C-Co bond from the corrin ring to the S'-deoxyadenosvl or methyl ligand imparts a most 
unusual chemistry to cobalamins. The C-Co bond energy in AdoCbl'" and CH3Cbl"' is 
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estimated to be as low as 31 and 37 kcal/mole, respectively. This makes the C-Co bond one of 
the weakest covalent bonds known and allows photocleavage of the bond by visible light. The 
initial product of the photocleavage of AdoCbl"' is the geminate radical pair {CHj-Ado : Cbl"}. 
Brackets { ; } indicate the radical pair is geminate (bom of the same parent molecule) and held 
in close proximity by solvent interactions. Picosecond laser flash photolysis experiments of 
AdoCbl'" have shown this to be a reversible process with a geminate recombination rate constant 
of k„c - 1 X lO' s*\ following photolysis. Recent nanosecond laser flash photolysis studies have 
probed a slower radical pair recombination that occurs in the solvent and is limited by diffusion. 

The n-n* electronic transition of the corrin ring of cobalamin produces a long wavelength 
absorption maximum at 525 ran, as shown by Figure 1. Irradiation of alkylcobalamins at this 
wavelength leads to cleavage of the C-Co bond with a photolysis quantum yield of 0.1-0.3. The 
in vivo photolysis of bioconjugates according to the present invention is preferably accomplished 
by delivering the light vnth a fiber optic probe because of the strong absorption of hemoglobin 
near this wavelength. To avoid potential problems with the absorption spectrum of cobalamin 
while maintaining a photolabile C-Co bond, Co[SALEN], which is a five-coordinate analogue of 
coenzyme B12, can be used. AlkyI-Co[SALEN] complexes have absorption maxima near 650 
nm, with significant absorption beyond 700 nm as shovm by Figure 2. This is a distinct 
advantage for photoaciivatable drug release, as human tissue becomes increasingly transparent 
above 610 nm. Other synthetic or naturally occurring B12 derivatives are, or may become, 
available that have absorption maxima above 600 nm.. For example, a green cobalt corrinoid 
having an absorption maximum at about 624 nm is reported by Brown et al. (1996j. Human 
tissue becomes transparent to depths of up to about 5.7 cm at wavelengths of between about 600 
and 800 nm. The use of longer wavelengths enables the more selective irradiation of limited 
portions of a subject's body, with consquent release in a small target region. 

The bioconjugates of the present invention can undergo cleavage by photoaciivation or 
photolysis in the presence of a magnetic field as follows. The use of the magnetic field further 
limits the release of the bioactive agent to the desired site. For example/ because of the toxicity 
of antineoplastic agents to healthy tissues, it is incumbent upon any effective site specific 
delivery system to limit damage to cells other than at the site of activity. In the photohomoylsis 
cleavage reaction, the electrons in the broken covalent bond start out vn\h their spins paired ^ 
(singlet state) from having participated in the covalent bond. During the early lifetime of the 
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radical pair, the spins retain their original orientation + ^'R' until the electron spins 
randomize over time. During the time the spins are paired, the radicals can recombine and revert 
to the starting material. If either of these paired radical spins should intersystem cross (ISC) to 
the triplet spin state (R1^ + ^R') they can no longer recombine until their spins are once again 
paired. That situation is preferred to release the bioactive agent from the bioconjugate. 
However, in healthy tissue, it is desired to prevent, or at least minimize, the cleavage of the 
conjugate. It that event, it is desirable to alter the rate of ISC by introducing an external 
magnetic field that increases the gap between the triplet state energy levels, thus encouraging the 
recombination of the original bioconjugate in the healthy tissues. 

The recombination rate can be increased by application of a magnetic field in the range 
of 100-3000 gauss to the healthy tissues leading to a net decrease in the photochemical quantum 
yield and a decrease in drug release into healthy tissues by a factor of at least 2. Application of 
about 300 to 1 000 gauss is considered to be optimal. See, Grissom (1 995). 

The bioconjugates of the present invention can undergo cleavage by ultrasound or 
sonolysis as follows. Although any non-reactive atom can be bound to the cobalt atom in the 
bioconjugate and cleaved by sonolysis, it is preferred that the atom be a carbon atom. The 
vitamin B|2 cofactor occurs naturally in two forms: adenosylcob(III)alamin, (AdoCbl'"), also 
known as coenzyme B12 and methylcob(III)alamin, (CHjCbl"^ The remarkably weak C-Co 
bond from the corrin ring to the 5'-deoxyadenosyl or methyl ligand imparts a most unusual 
chemistry to cobalamins. The C-Co bond energy in AdoCbl'" and CHjCbl"' is estimated to be 
as low as 31 and 37 kcal/mole, respectively. This makes the C-Co bond one of the weakest 
covalent bonds known and allows sonolysis of the bond by the application of ultrasound in the 
range of about 20 kHz - 500 MHz, preferably 20 kHz - 100 MHz, more preferably 20 kHz to 
10 MHz. 

Sonolysis of aqueous solutions produces a high concentration of hydroxyl radicals and 
hydrogen atoms according to the equation: 

H-OH > H» + •OH 

These reactive oxidizing and reducing species are responsible for initiating most reactions in 
aqueous solvents. Ultrasound irradiation and sonochemistry are often not described as high- 
energy processes, but during sonolysis, the development, grovrth and implosion of bubbles in a 
liquid create extreme reaction environments on a microscopic scale. The collapse of cavitation 
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bubbles produces pressures >500 atm. and temperatures >5000*'C. The radicals formed survive 
the collapse of the bubbles. The formation of hydroxyl radicals in vivo has been the focus of 
several investigations because of the potentially deleterious effects of oxidizing free radicals in 
hiunan tissue. However, such radicals do not present an unacceptable health risk, as clinical 
experience has demonstrated that diagnostic ultrasound is a benign procedure. The ability to 
form these radicals by sonolysis in vivo provides a mechanism for the triggered release of active 
neoplastic and other agents from conjugation v/iih Bn, Co[SALEN] or other suitable cobalarain 
or cobalamin like substrates. 

In the sonolysis of drug-Bi2 conjugates (utilized here only as an example and not 
intended to limit the invention), the C-Co bond is cleaved in aqueous solution to produce the 
drug and a cob(II)alamin (Cbl") under anaerobic conditions or the drug and aquocob(III)alamin 
(HiO-Cbl'") under aerobic conditions. The cleavage is not a direct breaking of the C-Co bond. 
Rather, under anaerobic conditions the predominant pathway for C-Co bond cleavage by 
sonolysis is through reduction of drug-Cbl'" to the labile drug-Cbl" by followed by 
dissociation to the closed-shell drug and Cbl". The reaction of HO* with drug-Cbl" leads to 
HiO-Cbl"', as well as degradation of the corrin ring. Under aerobic conditions, the pathway for 
the C-Co bond cleavage by sonolysis is through reduction of the drug-Cbl"^ to produce drug and 
Cbl", but O2 oxidizes Cbl" to HjO-Cbl"^ In either event, sonolysis from the focused application 
of ultrasoimd, results in C-Co bond cleavage and the irreversible release of the drug from the 
cobalamin. Therefore, sonolysis-triggered release can occur under aerobic and hypoxic 
conditions alike. 

The present invention is useful in the treatment of (including, but not limited to) cancer, 
hepatitis, psoriasis and other localized diseases, as well as for gene therapy and peptide therapy. 
The bioconjugates according to the present invention can be administered by any route, 
includmg intravenously, parenterally, orally, intramuscularly, intrathecally or as an aerosol. The 
mode of deHvery will largely depend on the biological effect desired to be achieved. A skilled 
artisan will readily know the best route of administration for a particular treatment in accordance 
with the present invention. The appropriate dosages vail depend on the route of administration 
and the treatment indicated, and can be readily determined by a skilled artisan, such as by 
extrapolation from current treatment protocols. If the organocobalt complex of the bioconjugate 
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is cobalamin or derivative or analogue, it is preferred to administer orally a bolus of vitamin B,2 
prior to administration of the bioconjugate to reduce or eliminate potential hepatotoxicity which 
might otherwise result from the administration of the bioconjugate. The oral dose of Bjj will 
saturate the enterohepatic shuttle system and load hepatocytes with cobalamin. It is preferred 
that 0. 1 mg to 100 mg, more preferably 1.0 mg to 10 mg, of vitamin B12 be administered prior to 
the administration of the bioconjugate containing cobalamin. In addition, vitamin Bjj can be 
administered, preferably intravenously, following the selective cleavage of bioconjugate to wash 
out all bioconjugate which has not been cleaved, and thus further reduce potential systemic 
effects. It is preferred that 0.1 mg to 100 mg, more preferably 10 mg to 100 mg, of vitamin B12 
in saline be administered intravenously over 4-5 hrs. Finally, prior to the administration of a 
cobalamin-based bioconjugate, nitrous oxide can be administered to the subject in order to 
deplete body stores of cobalamin in its various forms, such as methylcobalamin. Administration 
of nitrous oxide has the effect of creating a greater body deficit of cobalamin before 
administration of the cobalamin-based bioconjugate. 

Pharmaceutical compositions containing a compound of the present invention as the active 
ingredient can be prepared according to conventional phamiaceutical compounding techniques. See, 
for example, Remington's Pharmaceutical Sciences, 17th Ed. (1985, Mack Publishing Co., Easton, 
PA), Typically, an antagonistic amount of active ingredient will be admixed with a pharmaceutical ly 
acceptable carrier. The carrier may take a wide variety of forms depending on the fomi of 
preparation desired for administration, e,g,, intravenous, oral, parenteral, intrathecal, transdermal, 
or by aerosol. 

For oral administration, the compounds can be fomiulated into solid or liquid preparations 
such as capsules, pills, tablets, lozenges, melts, powders, suspensions or emulsions. In preparing 
the compositions in oral dosage form, any of the usual pharmaceutical media may be employed, 
such as, for example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring agents, 
suspending agents, and the like in the case of oral liquid preparations (such as, for example, 
suspensions, elixirs and solutions); or carriers such as starches, sugars, diluents, granulating agents, 
lubricants, binders, disintegrating agents and the like in the case of oral solid preparations (such as, 
for example, powders, capsules and tablets). Because of their ease in administration, tablets and 
capsules represent the most advantageous oral dosage unit form, in which case solid pharmaceutical 
carriers are obviously employed. If desired, tablets may be sugar-coated or enteric-coated by 
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Standard techniques. The active agent must be stable to passage through the gastrointestinal tract. 
If necessary, suitable agents for stable passage can be used, and may include phospholipids or 
lecithin derivatives described in the literature, as well as liposomes, microparticles (including 
microspheres and macrospheres). 

For parenteral administration, the compound may dissolved in a pharmaceutical carrier and 
administered as either a solution or a suspension. Illustrative of suitable carriers are water, saline, 
dextrose solutions, fructose solutions, ethanol, or oils of animal, vegetative or synthetic origin. The 
carrier may also contain other ingredients, for example, preservatives, suspending agents, solubilizing 
agents, bxiffers and the like. When the compounds are being administered intracerebroventricularly 
or intrathecally, they may also be dissolved in cerebrospinal fluid. 

In the treatment of cancer (sarcomas, carcinomas or leukemias), a distinction can be 
made between the types of systemic adjuvant chemotherapies that are typically used in concert 
with the more extreme methods of surgical excision and radiation therapy. There are two broad 
classes of chemotherapeutic adjuvants: (1) endocrine and and vasogenic therapeutic agents which 
are aimed at altering the body's physiology; and (2) cytotoxic chemotherapeutic agents which are 
typically administered systemically to kill or inhibit the growth of transformed cells. 

Cytotoxic or antineoplastic agents are represented by a number of drug classes. 
Alkylating agents undergo chemical reactions that generate highly reactive electrophilic 
carborationsnium ions that readily form covalent linkages (alkylate) with various nucleophilic 
biologically important moieties such as nucleic acid bases and phosphate, amine, sulfhydryl, 
hydroxyl, carboxyl and imidazole groups. These agents, among other functions, have cytotoxic 
actions that disturb the fundamental mechanisms concerned with cell growth, mitotic activity, 
differentiation and function. Chlorambucil, modified busulfan, cyclophosphamide, ifosfamidc 
and cisplatin and its structural analogs are representative alkylating agents. 

Antimetabolites such as folic acid analogs (e.g. methotrexate) and pyrimidine analogs 
(e.g. fluorouracil and fluorodeoxyuridine) exert cytotoxic activity by blocking or preventing 
metabolic pathways leading to neoplastic cell destruction. Methotrexate is also known to be 
useful in the treatment of psoriasis by iniiibiting the proliferation of epidermal cells. 

Another potent cytotoxic class is mitotic inhibitors such as the paclidaxel or the alkaloids 
camptothecin, vincristine and vinblastine. 
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Also, certain antibiotics, such as doxorubicin and daunorubicin, (tetracyclic aglycone 
glycosides), intercalcate with DNA and inhibit nucleic acid synthesis. 

In accordance with the present invention, bioconjugates for the treatment of cancer arc 
fonned preferably using chemotherapeutics selected from the group consisting of alkylating 
agents, antimetabolites and mitotic inhibitors. For example, methotrexate is an antimetabolite; 
chlorambucil, cisplatin and modified busulfan are alkylating agents, and camptothecin and its 
derivatives are alkaloids. The bioconjugates formed from these cytotoxic agents can be 
administered intravenously for the treatment of the specific classes of cancer for which they are 
known to be effective, e.g. cancer of the colon, lung, kidney, breast, prostate, melanoma, 
nasopharyngeal, T-cell leukemia, myelogenous leukemia, lymphocytic leukemia and the like. 
When delivered intravenously to the blood stream and the bioconjugates contain cobalamin, the 
natural affinity of cancer cells for B12 will target the bioconjugates to these tissues or cell sites. 
Alternatively, the bioconjugates can be engineered to be selective for the delivery of the 
chemotherapeutic agent to the desired cancer cell by the incorporation of a suitable targeting 
molecule (such as those set forth above) on the organocobalt complex. 

In accordance with the present invention, solid tumors are treated as follows, with use of 
a drug-Bi2 bioconjugate as an example. This example is not intended to limit the present 
invention in any manner, and a skilled artisan could readily determine other bioconjugates of the 
present invention which could be utilized for the treatment of solid tumors. The drug-B|2 
bioconjugate is administered, preferably intravenously, to a cancer patient to target metastatic 
cancer when the cancer cell has a significant requirement for cobalamin. This propensity of 
cobalamins to migrate to the cancer cells significantly reduces cardiotoxicity, nlyelotoxicity, 
hepatotoxicity and similar side effects that limit the size and frequency of effective dosing of 
antineoplastic agents. Furthermore, problems associated with toxicity to non-targeted cells is 
minimized. Delivery is further enhanced by the triggering of the release of the antineoplastic 
agent from the bioconjugate by the mechanism of photolysis or sonolysis which provides for a 
high degree of spatial and temporal control of the drug release at a localized area over a short 
time. The application of a magnetic field with photolysis further serves to protect health cells by 
recombination of tiie bioconjugate and limit the release of active agent to the specific cancer 
cell-containing site(s). 
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Although chemotherapy is generally reserved for targeting metastasized cells after the 
surgical excision of the primary tumor mass, the triggered release of a bioactive agent drawn to 
the tumor site allows for treatment of the primary tumor, as well as metastatic neoplasms that 
have spread to a limited and known area. The bioconjugate dosage, length of treatment, degree 
5 of photoactivation, and other treatment parameters can be determined by one skilled in the art 
based on the type of cancer, antineoplastic agent administered, specific cobalamin used, 
condition of the patient and other factors which are variable and best determined on a case-by- 
case basis. 

In accordance with the present invention, leukemia is treated as follows, with use of a 

10 drug-B,2 bioconjugate as an example. This example is not intended to limit the present 
invention in any manner, and a skilled artisan could readily determine other bioconjugaies of the 
present invention which could be utilized for the treatment of leukemia. At least two forms of 
leukemia, chronic myeloid leukemia (CML) and acute promyeloctyic leukemia (APL), produce 
high levels of B,2 binding proteins that result in a 3- to 36-fold increase in the unsaturated 

15 binding capacity in the blood. The increased concentration of B,2 binding proteins is consistent 
with the rapid turnover of inunature blood cells and provides an opportunity' to target the 
delivery of antileukemic drugs, such as bis-alkylating agents derived from busulfan. to the 
transformed hematopoietic cells responsible for the leukemic condition. The bioconjugaies of 
this invention provide a means for the effective administration of such alkylating agents to cell 

20 sites from which the active agent can be released from the conjugate. This targeted delivcn.' and 
release provides a significant advance in the treatment of CML and APL, for which current 
chemotherapy methods sometimes provide incomplete remission. 

The present invention is also useful for the treatment of psoriasis. Psoriasis is a prime 
target for the transdermally or orally controlled delivery of antimetabolites activated by 

25 photolytically induced cleavage. Although not life-threatening, psoriasis can significantly 
diminish the quality of life of patients who experience severe exfoliation associated with 
psoriatic and rheumatoid arthritis. Antimetabolites, such as methotrexate and 5-fluorouracil, are 
effective in controlling severe cases of skin proliferation. Effective oral therapy is limited by 
hepatotoxicity in spite of low dosing, and the risk of cumulative liver damage requires such 

30 therapy to be reserved for only the most severe episodes during a patient's life. The delivery of 
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such agents to the skin improves the appearance and psychological quality of life of patients 
whose lives have been dominated by severe psoriasis. 

The present invention is further useful for peptide therapy. One example of peptide 
therapy is as a cytotoxic agent, for example as an antineoplastic agent In this example, a 
bioconjugate containing the enzymatic domain of diphtheria toxin (DT) is administered to a 
subject such as described above for solid tumors or leukemia. The targeted release of the DT 
peptide results in the inhibition of protein synthesis and eventual cell death. 

The present invention is also useful for gene therapy. One example of gene therapy is 
the delivery of an antisense oligonucleotide to inhibit viral gene expression and viral replication. 
In this example, a bioconjugate containing an antisense oligonucleotide against hepatitis B virus 
is administered to a patient having a hepatitis B infection. The accumulation of the bioconjugate 
and release of the antisense oligonucleotide in the liver inhibits hepatitis B virus gene expression 
and replication. 

The present invention is further described by reference to the following Examples, which 
are offered by way of illustration and are not Intended to limit the invention in any manner. 
Standard techniques well known in the art or the techniques specifically described below were 
utilized. 

EXAMPLE 1 
Photn1v.sisof B^ and r.n[SAT.F,N1 RioconiueatCS 
A protocol for a typical anaerobic continuous-wave photolysis of methylcob(III)alatnin 
or CHjCbl'" is as follows. An aqueous solution of 200 ^M CHjCbl"' and 50 mM Hepes pH 
7.3 is placed in a 1 cm quartz cuvette. Samples that are to be photolyzed under anaerobic 
conditions are either subjected to repeated fieeze-pump-thaw cycles, or purged with Ar for 40 
minutes immediately prior to photolysis and sealed. Continuous-wave visible light irradiation is 
accomplished at the desired wavelength with an Ar* pumped dye laser. The incident light on the 
face of the cuvette is reduced to 12 mW cm'^ with neutral density filters. The light flux is 
determined by potassium ferrioxalate actinomety and by a Scientech surface-reading thermopile. 
The cuvette is placed in a theimostated cell holder at 25-37X. For quantum yield measurements 
as a function of magnetic field, the cuvette is placed in the gap of a GMW Associates 
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electromagnet with 7.5 cm diameter cylindrical poles. The magnetic field within the area of the 
cuvette is homogeneous to within 2% and the long term stability is better than 0.5% as 
monitored by a transverse Hall probe and digital teslameter. 

Absorption spectra from 300-600 nm are recorded in one second with a diode array 
spectrophotometer at variable time intervals from 10 seconds to 2 minutes (depending upon the 
nuence of the photolyzing light source) for a total of 3 x,. Exposure to light during analysis is 
kept to a minimum. The concentration of CHaCbl™ is determined using the measured 
absorbance at 350 or 520 mn by the method of Chen and Chance (1993). The plot of [CHaCbl"'] 
vs. time (t) appears zero-order in all cases. 

^>.l».t;nn of Pho rr !^<'i<= Wavelength: The absorption spectra for CHjCbl'" and ethyl- 
Co[SALEN] are shown in Figures 1 and 2. For CH3Cbl"' the k-tt* electronic transitions that 
lead to cleavage of the C-Co bond are maximal at 377 and 528 mn. Much preliminary work with 
B,2 photolysis has been carried out with 514 nm light from an Argon-ion (Ar^ laser. This is 
close to the long-wavelength maximum absorbance and gives a quantum yield of about 0.3 for 



CHjCbl"'. 



The absorbance of blood and tissue is significant at this optimal wavelength for 
cob(III)alamin excitation. Blood has a low (partial) transmittance window near 514 nm. This 
absorbance is sufficient to quickly pyrolize whole bovine blood placed in the hght path of a 20 

Won beam of 5 1 4 nm light. 

It would therefore be beneficial to provide a cobalamin for conjugation wherein the n-n* 
electronic transitions that lead to cleavage of the C-Co bond are maximal at a wavelength where 
there is minimal or no interference. Above about 610 mn blood becomes partially transparem 
and losses beyond 50% transmittance are largely due to light scattering from the erythrocytes. 
Heparinized bovine blood placed in the light path of a 20 wW beam of 630 mn light shows 
only minor heating over long exposure times. There is also demonstrated a high transmittance of 
tissue at 6 10-800 nm. 

This suggests the use of an organocobalt complex for conjugation having an absorption 
wavelength where tissue and blood are relatively transparem. Figure 2 shows that 
ethyl-Co[SALEN] complexes have absorption maximmns near 650 mn. with significant 
absorption bevond 700 mn. An Ar^pumped dye laser or a Krypton-ion (Kr^) laser can be a 
suitable high-intensity source of photons in the region of 610* nm. Ar*-pumped dye lasers are 
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often used for photodynamic therapy with hematoporphyrins. Also, an inexpensive He-Ne laser, 
having a principal line at 633 nm might be used. However, such lasers are typically limited to 50 
mW maximum output. 

There are laser dyes in the 600-700 nm region that can achieve energy conversion 
efficiencies of up to 45%. This means that a 6 W Ar^ pump laser can yield nearly 3 W of 
spatially-coherent monochromatic light in the region of 610-750 nm. The exact wavelength can 
be chosen to optimize the continuous-wave quantum yield and still maintain a reasonable degree 
of tissue penetration. In tests with alkyl-Co[SALEN] complexes it has been foimd that 690 nm 
light from an Ar'^^-pumped dye laser operating with rhodamine 6-G dye is satisfactory. 
Optimization can be determined depending on the specific cobalamin chosen for animal and/or 
clinical trials of the bioconjugates. In addition, high-power diode lasers that emit red light of the 
desirable wavelength are commercially available. These diode lasers have the advantage of 
providing up to 100 watts of optical power in a narrow region of the optical spectrum that is 
useful for triggering cleavage of the bioconjugates. 

EXAMPLE 2 
Sonolysis of and CofSALENI Bioconjugates 
Sonolysis was carried out with a Branson ultrasonic bath (model 3200) operating at 47 
kHz, The correct placement of the reaction vessel at a focal point of high- intensity ultrasound 
was determined by the oxidation of iodide to iodine in the presence of starch (Mason, 1991) and 
the temperature of the bath was maintained at 21° C by a constant temperature circulator. 
Aerobic sonolysis was typically carried out in a test tube or Erlenmeyer flask, whereas anaerobic 
sonolysis was carried out in a closed reaction vessel fitted with a sidearm and quartz cuvette. 
Anaerobic conditions were produced by sparging v^dth Ar for 30 min prior to sonolysis. In some 
experiments, the pH was buffered by the use of 100 mM phosphate (aerobic experiments) or 100 
mM A^-(2-hydroxyethyl)piperazine-//-2-ethanesulfonate (Hepes) (anaerobic experiments), as 
specified. All procedures were carried out in the absence of light to prevent photolytic cleavage 
of the Co-C bond. Absorption spectra were recorded on a diode array spectrophotometer (HP 
8452A). The solutions were transferred to a quartz cuvette with a 1 cm light path for all optical 
measurements and care was exercised to ensure that insignificant photolysis occured during the 
1 s measurement time. 
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Snnnlysis of MethvlcohflTnalamin: Sequential absorption spectra of aqueous CHj-Cbl"' 
as a function of anaerobic sonolysis (pH 7.38, 100 mM Hepes, saturating Ar) are shown in 
Figure 3 A. The absorbance at 340, 374, and 520 nm decreases linearly as a function of sonolysis 
time and the absorbance at 316 and 420 nm increases linearly, thereby indicating the reaction is 
5 zero order in substrate concentration. The isosbestic points at 336, 390, and 585 nm are in 
agreement with those obtained through anaerobic photolysis of CH3"Cbl'". Under the conditions 
of sonolysis, an additional isosbestic point occurs at 476 nm, rather than at 486 nm, as typically 
observed in the course of photolysis. This slight shift in the isosbestic point is caused by a 
minor product that has an absorbance maximum near 490 nm. This may be cob{I)alamin that 
has a sufiRcient lifetime (t,^ = 22 min at pH 6) to be observed spectrophotometrically. The 
absorption band at 374 nm is characteristic of a C-Co bond, and its disappearance 
imambiguously indicates displacement of the axial carbon ligand. 

Under aerobic conditions, molecular oxygen scavenges H» and prevents the reduction of 
CHj-Cbl'" via the equation 

Oj + H* > •OOH 

In the absence of an organic buffer with abstractable hydrogen atoms, reaction via H0» remains 
to be a viable process. 

Figure 3B shows the change in absorbance spectra following aerobic sonolysis in the 
absence of organic buffer. The decrease in absorbance at 340 and 374 nm is linear with 
increasing sonolysis time indicating the reaction is zero order in substrate concentration, but the 
unexpected increase in absorbance at 520 nm indicates the stable product of cobalamin sonolysis 
is not hydroxocob(III)alamin, as would be expected if molecular oxygen were to reoxidizc 
cob(Il)aIamin to cob(III)alamin. Aerobic photolysis under the same conditions shows the 
expected decrease in absorbance at 374 nm but no change at 520 nm. This difference suggests 
that HO* is able to displace the alky! ligand from Co'", but other HO* reactions also occur 
(perhaps through the secondary products HOO* and •O2*) to oxidize the corrin ring. Similar 
absorbance spectra are obtained fi'om sonolysis of an aerated aqueous solution containing 1 00 
mM phosphate buffer. 

A similar result is seen in the reaction of CH3-Cbl'" with H* and HO- when these radical 
species are generated by pulse radiolysis (Blackburn et al,, 1972). Reducing species H* reacts to 
produce the same spectral changes as shovm in Figure 3A. Multiple oxidizing species (HOO- 
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and •Oi') can react with CHj-Cbl'" to cleave the Co-C bond, but these species also lead to the 
irreversible degradation of the corrin ring, as evidenced by the spectral changes similar to those 
seen in Figure 3B. A precedent for irreversible oxidation of the corrin ring exists in the 
photooxygenolysis of alkylcobalamins by singlet oxygen (Krautler and Stepanek. 1985). 

Aerobic sonolysis of solutions containing 100 mM Hepeis or 100 mM r-butyl alcohol 
produces no change in the absorption spectra over comparable time. This is because molecular 
oxygen quenches the H* reaction pathway, and /-butyl alcohol quenches the HO* reaction 
pathvray. Although Hepes has not previously been reported to be a scavenger of HO*, many 
reports indicate that organic solute molecules such as formate, can inhibit the reaction of HO* 
(Weissler, 1962). The absence of any spectral changes under these conditions suggests that 
direct sonolysis of the Co-C bond is not an important reaction pathway. 

EXAMPLE 3 
T esting Aeainst NCT Human Tumor Cell Lines 
The efficacy of the bioconjugates is tested against tumor cell lines using existing 
protocols for assessing the effectiveness of targeted coenzyme B,2 antineoplastic agent- 
containing bioconjugates. Representative cell lines tested include HCT 116 (human colon 
tumor). A549 (human lung). ACHN (human kidney), MCF7 (human breast), human prostate. 
SK5-mel (human melanoma), KB (human nasophar>'ngeal). CCRF-CEM (human T-cell 
leukemia), HL-60 (human promyeiocytic leukemia). RD-995 (mouse fibrosarcoma). B-16 
(mouse melanoma) and Meth-A (mouse carcinoma). Drug screening is carried out with a 
colorimetric cell viability assay in a 96-well plate. 

Additionally, selected bioconjugates are radiolabeled with '"C or to assess the level of 
uptake by human tumor cells. As noted above, the prior art reports that some tumor and 
leukemia cells produce high levels of B,, binding proteins in the serum and sequester B ,2 in high 
concentrations of up to 50 fold. 

T.imnr Cell I , i nf Tf^'^'^ff Protocol: The drug bioconjugates, synthesized under 
procedures described herein or adaptions thereof, are diluted over 5 orders of magnitude 
(approximately 0.005 to 50 ng/mL). Four hours after seeding of the cell in the plate, the cells 
arc treated with the appropriate drug dissolved in isotonic buffered solution. In control 
experiments, vvithout photolysis triggered drug release, the drug is left on the cells for three 
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days, as in the normal basic cancer screen. In the wells for triggered drug release, the laser 
output is focused on selected wells for varying times and with varying intensity. Alternatively, a 
matrix of light-emitting diodes (LEDs) is used. The ceils are incubated under standard 
mammalian tissue culture conditions under the proper CO2 balanced atmosphere. After three 
days, the cells are re-fed and the colorimetric dye 3-[4,5.dimethylthiazol-2-yl]-2,5-diphenyltetra- 
zolium bromide (MTT) is added. The reduction of the MTT to purple formazan product is 
quantified in a 96 well plate reader. The concentration of the purple formazan dye is correlated 
with the number of viable cells. The reduction in cell survival at a given dose rate and 
photolysis exposure give a quantitative estimation of cell death and drug delivery effectiveness. 
Care is taken not to expose portions of the plate to photolysis conditions through adventitious 
spillover of radiation. This is accomplished by using 96 well plates with an opaque mask (Fisher 
cat# 07-200-565) for photolysis. 

^iptalfp. nf nrug-Bj 2 fP^ nnig.rnfSAT.FNl Rioconiugates: The uptake of drug-B,2 and 
drug-Co[SALEN] bioconjugates by cultured tumor cells is monitored by radiolabeling the drug 
or cobalamin during synthesis. ^H-Labeled 5-fluorouracil, methotrexate and chlorambucil are 
purchased from DuPont/NEN (New England Nuclear). These drug bioconjugates, as well as 'Re- 
labeled methylcobaiI)alarain (synthesized from Cob(I)alamin and '"CHsI) provide an indication 
of receptor-mediated uptake by the various tumor cell lines. In this study, the cells are exposed 
to the radiolabeled drug as described in the preceding section, except no MTT is added at the end 
of the three-day incubation period. Since all of the cell lines except the leukemia cells grow 
while attached to the bottom of the microtiter plate well, the growth medium is aspirated to 
remove the unincorporated radiolabeled drug, followed by several washes with fresh medium. 
The labeled cells are detached from the bottom of the wells and the radioactivity quantified by 
scintillation counting. Growth of non-attached leukemia cell takes place in round-bottom 
microtiter plates such that centrifiigation sediments the cells and allows washing with fresh 
growth medium before solubilizing the cells and quantifying the incorporated radiolabeled drug 
by scintillation countmg. 
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EXAMPLE 4 
Synthesis of Co[SALEN] 
Synthesis of N,N^bis(s alicylidene^ethvlenediamine. 

To a stirred solution of salicylaldehyde (12.21 g/10.62 mL) in 70*^0 ethanol (100 mL) 
was added ethylenediamine (3,01 g/3,33 mL). A yellow crystalline material immediately 
formed, and the reaction mixture was allowed to cool to room temperature with stirring. The 
solution was filtered, and the crystals were washed with cold ethanol. The ethanol layers were 
ombined and reduced to approximately 20 mL and allowed to stand at 0**C overnight. The 
resulting crystals were collected by vacuum filtration and washed with water. The collected 
solids were dried //i vacuo to obtain 13.15 g (98%) N,N'-bis(salicylidene)ethylenediamine as 
yellow platelets with a melting point of 126*^0 (literature value (24) 127-128*'c). NMR 
(DMSO-dfi) 5 8.57 (s 2H, HC=N), 7.42 (d, 2H aromatic, J=7.3 Hz), 7.31 (t, 2H, aromatic, J=9.0 
Hz), 6.88 (t, 4H, aromatic, J=8.3, 16.1 Hz), 3.89 (s, 4H, CHj). ^^C NMR (DMSO-dg) 5 166.94 
(2C, CO*), 160.57 (2C, HC+N), 132.38 (2C, aromatic), 131.69 (4C, aromatic), 118.59 (2C, 
aromatic), 1 1 6,5 1 (2C, aromatic), 58.88 (2C, CH2). 

Synthesis of N,N^hi^(salicylidene;^ ethylcnediaminecobaltnn (Co[SALEN]y 

To a hot (100°C) deoxygenated solution of the above product (2.68 g) in dimethylforma- 
mide (25 mL) was added via carmula needle an aqueous solution (10 mL) of cobalt (II) acetate 
tetrahydrate (2.49 g). The red precipitate which formed was collected by vacuum filtration, 
washed with cold dimethylformamide, and dried in vacuo to obtain 2.6 g (80%) of N,N'-bis- 
(salicylidene)ethylenediaminocobalt (II) as red crystals. 

EXAMPLE 5 
Synthesis of M odified Co[SALEN] 
The diglycolate ether of Co[SALEN] is prepared as described in Example 4, using the 
glycolate ether of 2,5-dihydroxybenzaldehyde in place of salicylaldehyde. An unsymmetrically 
substituted (glycolate ether/amide) complex is prepared as described in Example 4 by using a 
mixture of the glycolate ether of 2,5-dihydroxybenzaldehyde and 5-aminosalicylaldehyde in 
place of salicylaldehyde. 
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EXAMPLE 6 
<; yntVip^is of C hlnramhucil-Cohalamin BioconiUgatgS 
Synthesis of 1 -bromo-2-[4-(4'-[bis-(2-chloroethyl)amino]phenyl)butyroxy]ethane. 

Twenty-five mL of freshly distilled CH2CI2. 0.343 g dicyclohexylcarbodiimide (1.66 
mmol), 0.305 g 4-dimethylaminopyridine (2.5 nunol). and 0.263 g 4-dimethylamino-pyridinium 
chloride (1.66 nunol) were added to a flame-dried 50 mL round bottom flask equipped with a 
stir bar, reflux condenser, and Ar inlet (Boden and Keck, 1985). The solution was purged with 
argon and brought to reflux. While refluxing, a solution of 0.304 g chlorambucil (1 .0 mmol) and 
0.125 g 2-bromoethanol (1.0 mmol) in 5 mL CHjClj (purged under argon for 30 min.) was 
transferred via cannula to the refluxing solution over a period of 30 min. After addition was 
complete, the reaction mixture was stirred for 2 h at room temperature. Precipitated 
dicyclohexylurea was removed by filtration and the solution was concentrated by rotary 
evaporation. The resulting residue was taken up in CH2CI2 , filtered, and purified by flash silica 
column chromatography. The desired product was eluted using 1:9 ethyl acetate:hexanes (v/v) 
to give 0.374 g of a yellow oil in 91% yield (ester 2). 'H NMR (CDCI3, 300 MHz) d 7.06 (d, 2H, 
J=8.4 Hz), 6.60 (d, 2H, J=8.7 Hz), 4.35 (t, 2H. J=6.15 Hz), 3.56-3.72 (m, 8H), 3.48 (t, 2H, 
J=6.15 Hz). 2.56 (t, 2H, J=7.65 Hz). 2.35 (t, 2H, J=7.35 Hz), 1.91 (quintet, 2H, J=7.58 Hz). "C 
NMR (CDCI3, 75 MHz 'H decoupled) d 173.05, 144.35, 130.37, 129.75 (2). 112.12 (2), 63.68, 
53.55 (2), 40.60 (2), 33.94, 33.41, 29.05, 26.72. 

Synthesis of 7-[4-r4'.fhis-r 9-rhlnmethvnaminn^phenvnhlitvroxv1ethvlrobfm)alamin (3), 

Two hundred mg of hydroxocob(III)alamin (0.15 mmol) was dissolved in 10 mL water 
and purged with Ar while stirring (Brown and Peck, 1988). The exiting gas was conducted in 
sequence through: (1) a flask containing 0.025 g NaBH* (0.66 mmol); (2) a flask containing 5 
mL H2O; and (3) a flask containing 0.226 g ester 2 (0.55 mmol) in 5 mL CH3OH. After 
deaerating for 1 h, the water from flask (2) was transferred to flask (1) containing NaBH4 via 
cannula and swiried to promote dissolution. This solution was transferred via cannula to the 
aqueous cobalamin solution. Reduction was allowed to proceed for 20 min, after which the 
chlorambucil bromocthylester was added to the solution. The reaction mixture was allowed to 
stir for an additional 5 min. and then 0.2 mL acetone was added to destroy the excess 
borohydridc. The solution was concentrated to approximately 2 inL by rotary evaporation and 
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the resulting solution was applied to a 2.5 X 30 cm column of Amberlite XAD-2 resin. The 
column was washed with 1 L H2O to desalt and the cobalamin was eluted with 50% aqueous 
acetonitrile (v/v). The eluent was reduced to approximately 2 mL by rotary evaporation and the 
solution was applied to a 1 X 40 cm column of SP-Sephadex C25 (Na* form). Elution with 
water removed the major red band which was reduced to a minimal volume. Acetone was added 
until faint turbidity persisted after swirlmg. The solution was allowed to stand for 1 h at O^'C and 
excess acetone was added to promote fiuther crystallization. The crystals were collected by 
vacuum filtration and dried in vacuo. 3 was obtained as red crystals (122.5 mg) with a yield of 
53%. MS (FAB+) calcd forCgg HniNMOigCoPClj, 1541; found 1541. 

4-[4V(bis-[2-chloroethyl]amino)phenyl]butyroylcob(III)alamin (4) was synthesized in a 
similar maimer starting with the acid chloride of chlorambucil and reaiing it with 
hydroxocob(III)alamin as above. 

Synthesis of 2-[4-(4'.[bis.(2-chloroethyl)amino]phenyl)butyroxy]ethyl-Co[SALENl and 
4-[4*-(bis-[2-chIoroethyl]amino)phenyl]butyroyl-Co[SALEN] are synthsized in a similar manner 
using Co[SALEN] in place of hydroxocob(III)alamin. 

Synthesis of 2-[4.{4'-[bis-(2-chloroethyl)amino]phenyl)butyroxy]ethyl-(Co[SALEN]- 
folate) and 4-[4'-(bis-[2-chloroethyl]amino)phenyl]butyroyl-(Co[SALEN]-folate) are synthsized 
in a similar manner using Co[S ALEN]-folate in place of hydroxocob(III)alamin. 

Synthesis of 2-[4-(4'-[bis-(2-chloroethyl)amino]phenyl)butyroxy]ethyl-(green corrinoid) 
and 4-[4 -(bis-[2-chloroethyl]amino)phenyl]butyroyl-(green corrinoid) are synthsized in a similar 
manner using CHj-CoCIlI) corrinoid (prepared by reacting methyliodide with the green corrinoid 
of Brown et al. (1996) after it had been reduced with NaBH4) in place of hydroxocob(lll)alamin. 

EXAMPLE 7 

SQnQlvsisof2-[4-(4^[his-a-chlnrnethvnamin o]phenvnbutvroxv1ethvlcobriII^alamin (3) 
The products released by exhaustive sonolysis, as described in Example 2, of compound 
3 (prepared in Example 6) were isolated by reverse-phase HPLC (Rainin Microsorb C-18). 
Elution and separation of the sonolysis products were carried out with an increasing gradient of 
acetonitrile (A) and 0.05 M phosphoric acid (B): initial condition 5% .A: 95% B, increased 
linearly for 10 min to 30% A and 70% B, maintained for 2 min; followed by a linear increase to 
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70% A and 30% B over 10 min (Rinchik et al., 1993). The solvent was evaporated fix>m each 
fraction and the products were extracted with CH2CI2 and characterized by and NMR. 

Sequential absorption spectra of aqueous 3 as a function of anaerobic sonolysis at pH 
7.4, 100 mM Hepes, saturating Ar, are shown in Figure 4 A. The absorbance at 374 and 520 nm 
decreases linearly as a function of sonolysis time, and the absorbance at 316 and 420 nm 
increases linearly, thereby indicating the reaction is zero order in substrate concentration. The 
isosbestic points at 336, 390, 486 and 585 nm are in agreement v^dth those obtained through 
anaerobic photolysis of CH3-Cbl^". The absorption band at 374 nm is characteristic of a Co-C 
bond, and its disappearance unambiguously indicates displacement of the axial carbon ligand. 

Figure 4B shows the change in absorbance spectra following aerobic sonolysis of a 3 
solution containing phosphate buffer. Different stable products are obtained under aerobic 
conditions. Because of the presence of molecular oxygen, the released product was shown by 
NMR to be 2-[4-(4'-[bis-(2-chloroethyl)amino]phenyl)butyroxy]ethan-I-.al. NMR (CDCI3, 
300 MHz) 9.59 (s, IH), 7.08 (d, 2H, J=2.9 Hz), 6.62 (d, 2H, J-2.9 Hz), 4.67 (s, 2H), 3.73-3.59 
(m, 8H), 2.60 (t, 2H, J=7.5 Hz), 2.45 (t, 2H, J=7.4 Hz). 1.95 (quintet, 2H, J=7,4); NMR 
(CDCI3, 75 MHz *H decoupled) 195.85, 173.09, 144.54, 130.43, 129.92 (2), 112.29 (2), 68.73, 
53.74 (2). 40.69 (2), 33.99, 33.13, 26.79. The decrease in absorbance at 374 nm is linear with 
increasing sonolysis time indicating the reaction is zero order in substrate concentration. 

The Co-C bond of CH3-Cbl"^ can be cleaved by sonolysis in aqueous solutions to 
produce the alkane and cob(II)alamin under anaerobic conditions or to produce the aldehyde and 
hydroxocob(III)alamin under aerobic conditions. Unlike photolysis and thermolysis that lead to 
direct Co-C bond cleavage, the predominant pathway for Co-C bond cleavage by sonolysis is 
through H- mediated reduction of CHa-Cbl"' to the labile 19 e* CH3-Cbl"' species followed by 
dissociation to the closed-shell alkane and Cbl", or through the reaction of HO* with CH3-Cbl'" 
that leads to formation of hydroxocob(III)alamin as well as degradation of the corrin ring. 

A parallel exists between the reactions of alkylcob(III)alamin under the conditions of 
sonolysis and pulse radiolysis, (Blackburn et al., 1972) but without the need for expensive 
equipment. Although the violent cavitation during sonolysis has sufficient energy to break the 
Co-C bond to produce the {R* •Cbl"} radical pair by a dissociative pathway analogous to the 
photolysis of CH3-Cbl"^ (Endicott and Netzel, 1979; Chagovetz and Grissom, 1993; Natarajan 
and Grissom, 1996), alkylcob(III)alamins are not sufficiently volatile to be found in the extreme 
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environment of the coliapsing bubbles. Therefore, direct Co-C bond cleavage by sonolysis is 
not possible in spite of the more than 80 kcal/mol difference in bond-dissociation energy 
between Co-C and H-OH. 

Anaerobic sonolysis of the Co-C bond is irreversible because a closed-shell alkane is 
formed. Under aerobic conditions, the rate of H* reaction with O2 is on the same order of 
magnitude as the reaction of H* with CH3 , thereby suggesting the closed-shell aikane, CH4, 
should be one of the end products of CHa-Cbl"^ sonolysis (Buxton et al., 1988; Bauich et al., 
1992). In contrast, Co-C bond cleavage of CH3-Cbl"', via anaerobic photolysis, is reversible 
from the {CH3* •Cbl"} radical pair. 

In summary, the ability to form cob(II)alamin and the closed-shell alkane without the use 
of chemical reductants and without the use of electrochemical, photochemical, or pulse 
radiolysis equipment may be a useful method to promote activation of drug-cobalamin 
complexes in vivo, 

EXAMPLE 8 

Materials and Methods for in vitro A ssays of Biocoq^ugate Activity 
Media Preparation 

All media were purchased from Sigma and materials used to supplement the media were 
purchased from Atlanta Biologicals. The HL-60 cell culture was grown in an a-MEM media. 
The media was completed prior to inoculation by the addition of reagents to bring the final 
media concentration to 7.5% w/v sodium bicarbonate, 10% fetal calf serum, 100 iig/rnL, 
penicillin and streptomycin, and 50 units/mL mystatin. McCoy's media, with sodium 
bicarbonate buffer, was used for HCT-I16 cell culture. It was completed in the same manner 
with 8% newborn calf serum and 2% fetal calf serum. Completed media could be stored at 4**C 
for several weeks. The culture medium was wanned to 37°C before inoculation v/ith cells. 

Stock Culture Preparation and Maintenance 

Stock cell cultures were started from ATCC cell lines. The original ATCC cell line was 
aliquoted in 10% DMSO and stored in liquid nitrogen. Stock cultures of 40 mL were grown and 
maintained in coUaen-treated, sterile 75 mL culture flasks purchased from Coming. The cultures 
were incubated at 37'*C in a 5% CO2 environment to maintain a pH of 7.1. Humidity within the 
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incubator was maintained to prevent hypertonicity in the media by placing an open pan of water 
in the bottom of the incubator. 

The concentration of cells within the stock culture was controlled and cell concentrations 
were estimated in several ways. The media became more purple and subsequently orange as a 
result of cell metabolism and metabolic byproducts that accumulated in the media. The cells 
were also visually observed under microscope at 40X and lOOX power. Normal HCT-1 1 6 cells 
appeared rounded, flat, and adhered strongly to the walls of the culture flask. When the cells 
almost covered the bottom of the flask, the cell concentration was reduced. Nomial HL-60 cells 
appeared round, but were well differentiated and easily suspended in the media. Changes in cell 
morphology were often indicative of bacterial or fungal contamination. For the accurate 
determination of cell concentrations, a Coulter Cell Counter™ was employed. Stock cultures 
were not allowed to grow to greater than 100,000 cells/mL. Both of the cell lines were observed 
to have a doubling time of about 24 hrs. 

Assay Preparation 

The assays were performed in collagen-treated, sterile 96-weH plates that were purchased 
from Coming. HL-60 cells were grown in round-bottomed wells (Coming catalog #25850) and 
HCT-1 16 cells were grown in flat-bottomed wells (Coming catalog #25860). Cell concentrations 
were measured by a Coulter Cell Counter*^^. Cells were diluted in bulk and loaded onto the 
plates with 200 ^xL in each well. The assays were performed using approximately 25,000 IIL-60 
cells/well and 40,000 HCT-1 16 cells/well. 

Since HL-60 cells grow in suspension, the cell concentration was measured and diluted 
directly. HCT-1 16 cells, however, adhere to the walls of the flask and must be suspended by 
treatment with trypsin. A 0.025 mg/mL trypsin solution was thawed immediately before use. 
The bulk culture medium was removed by aspiration and 2mL of the cold trypsin solution were 
added to the flask. The flask was agitated periodically to promote suspension of the cells. Care 
was taken to limit cell exposure to the trypsin solution to less than five minutes, since prolonged 
exposure will damage the cell membrane. When the cells were suspended, as observed by a 
microscope, 8 mL of media were added to inactivate the trypsin. The cell concentration in the 
resulting suspension was measured, the suspension diluted appropriately, and loaded onto the 
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96-well plates. Once on the plates, the cells were allowed to adhere for 3 hrs before treatment 
with SFU or one of the derivatives. 

Cell Growth a nd MTT Determination of Cell Viabilitv 

HL-60 cells were treated and placed in the incubator for 24 hrs. The plates were 
centrifuged and the supernatant was carefully aspirated without disturbing the cell pellet. A 200 
fiL aliquot of media was added immediately. The cells were allowed to grow for 48 hrs. HCT- 
116 cells were treated and allowed to grow undisturbed for 72 hrs. The culture medium was 
removed by aspiration (after centrifugation in the case of HL-60 cells). 100 mL of McCoy's 
media and 1 1 fxL MTT dye were added. The cells were incubated at 37**C for 3 hrs. During this 
time, viable cells reduce the MTT dye to purple formazan by the action of alcohol 
dehydrogenase. The cells were lysed by the addition of 100 jiL of a solution 1.2M Hcl in 60% 
ethanol, thereby releasing the reduced dye into solution. The absorbance at 405 nm was 
measured for each well using a BIO-RAD Microplate Reader (Model 450)*"^/ 

EXAMPLE 9 

In Vitro Act ivity of Chl orambucil-Co halamin Biocoqjugates 
Thermal Stability of Bio coqjugates in Media 

It was noted that the chlorambucil bioconjugates 3 and 4 (prepared in Example 6) have 
thermal lability. Thus, they are expected to thermally decompose during the assay, perhaps 
before entering the cells or before release by photolysis. Thermal decomposition of both 
bioconjugates was monitored by a UV-vis diode array specU-ophotometer (HP8452) at 37^C in 
water, cell-free media, and filtered media in which HCT-116 cells had been grown to a 
concentration of about 100,000 cells/mL. Spectra were taken hourly for a total of 8 hrs. The 
presence of intact bioconjugate was then determined by photolysis, 20 min, with a high-pressure 
mercury lamp. If photolysis had no effect on the spectrum, all of the bioconjugate was assumed 
to have decomposed. 



In Vitro Assavs of 3 and 4 Activitv 

Both bioconjugates were assayed against HCT-1 16, HL-60, B-16, Meth-A, and RD-995 
cell lines. The assays were performed in the same manner as described in Example 8 as 
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modified herein. The B-16, RD-995 and Meth-A cells lines are all Balb/c derived carcinoma 
lines which were provided by Dr. R. Daynes of the University of Utah. These cell lines were 
grown in RPMI media which was completed with 5% fetal bovine serum and other media 
components as previously described. Both the B-16 and RD-995 cell lines were suspended in 
trypsin, as in the case of HCT-1 16 cells. The Meth-A cells loosely adhere to the walls of the 
flask and grow both attached to the flask and suspended in solution. These cells could be 
completely suspended by successive washing of the flask wall with media. 

Assays were performed at cell concentrations of about 40,000 cells per well, with the 
exception of the HL-60 assay which was performed at 25,000 cell per well. The HCT-1 16, B- 
16 and RD-995 cells were assayed in flat bottomed, 96-well plates, while the HL-60 and Meth-A 
cells were assayed in round bottomed plates. Chlorambucil, unconjugated, was tested prior to the 
bioconjugates. The cells were treated with the bioconjugates in both non-photolytic and 
photolytic conditions. The cells were incubated for three days (media was aspirated and 
replaced after 24 h. in the case of the HL-60 cells) and the resulting viability measured by an 
MTT assay. 

The MTT assay was somewhat altered for this experiment. The culture medium was 
aspirated after 72 hrs. The Meth-A and HL-60 cells were centrifuged prior to aspiration. Then, 
100 |LiL of McCoy's media and 1 1 piL of the MTT solution were added as before. At the end of 
4 hours, the culture mediimi was aspirated a second time (following centrifugation in the case of 
HL-60 and Meth-A cells) and 100 ^iL of DMSO was added. The DMSO lysed the cells 
releasing the MTT dye into solution. The absorbance of each well at 450 nm was measured as 
before. The HCl/ethanol solution previously used has a tendency to precipitate proteins from the 
resulting solution, which may give falsely increased absorbance measurements. The 
replacement of DMSO avoids this problem. 

The concentration of chlorambucil and the bioconjugates were varied from 0.04 |iM to 
400 )iM within the assay. The cells were treated with the bioconjugates under dim, red lights to 
avoid photolysis. Non-photolytic conditions were maintained by wrapping the 96 well plates 
with foil during the incubation periods. Photolysis was performed in black plates with flat, clear 
bottomed wells (Costar catalog number: 3603). These plates are sterile, collagen treated, and 
made of optically clear plastic. Growth of the cells in these plates did not show any differences 
to those grown in the normal clear plastic plates. Photolysis was achieved by an array of high 
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intensity green LEDs (Hewlett Packard catalog number: 782-6124). The array was constructed 
from one of the black plates in which one LED was placed in each well. The LEDs could be 
turned on and off as vertical rows. In each assay, two rows of cells were left untreated as growth 
controls. One of these rows was not photolyzed by the LEDs to demonstrate any unexpected 
effects of photolysis; irradiation did not demonstrate any effects on the untreated control cells. 
An empty plate was placed between the array and the assay plate to avoid heating the cells. Ten 
minutes of irradiation produced complete photolysis for the bioconjugate in cell-free media. The 
cells were irradiated for 10 min during the assay. The time of irradiation, following treatment 
with drug, was determined by a timecourse assay. The entire plate was treated with one of the 
bioconjugates at a concentration equal to the IC50 of chlorambucil in that cell line. The rows 
were irradiated separately one half hour after treatment and then hourly. 

Irradiation at 1 h after treatment demonstrated the greatest bioconjugate activity in all of 
the cell lines. Further assays were performed with irradiation one hour after treatment. In the 
case of the Meth-A cell line, the cells were transferred from the round-bottomed plate into the 
black plate for photolysis and then returned to the round bottomed plate. The HL-60 cell line 
could not be tested under these photolytic conditions. 

Results and Discussion 

Both bioconjugates show significant thermal decomposition in both water and cell free 
media at 37°C. At the end of 8 hrs, photolysis has no effect on the spectrum, indicating that all 
of the bioconjugate has decomposed. In the HCT-1 16 cell media both bioconjugates show fast 
initial decomposition and are significantly stabilized at subsequent time. Haptocorrin, a 
cobalamin binding protein is known to stabilize alkylcobalamins by several orders of magnitude. 
This protein is present in the cell-free media from the added bovine serum. However, most of 
this protein in serum is saturated with cobalamin, so binding to the bioconjugates may be 
inhibited. It is known that several types of tumor cells secrete high amounts of cobalamin 
binding proteins, especially haptocorrin. Thus, media in which cells have been growing has a 
higher concentration of apo-haptocorrin. The initial fast decomposition of the bioconjugates 
represents the amount remaining after the saturation of haptocorrin in the media. The bound 
bioconjugates are significantly stabilized by haptocorrin and the haptocorrin complex associates 
and dissociates in a dynamic fashion in solution, especially in the presence of significant 
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concentrations of other cobalamins in the media. Thus, the bioconjugates are still susceptible to 
decomposition when not bound to haptocorrin. While haptocorrin does stabilize the 
bioconjugates by several orders of magnitude, slow decomposition is still seen during the assay. 
However, this assay does indicate that the bioconjugates are stabilized such that a significant 
amount is still intact during the time of uptake and photolysis. 

The data from the photolysis timecourse and activity assays are summarized in Figures 5- 
9 for compound 3 in each of the cell lines tested. Similar results were seen for compound 4. In 
general, both bioconjugates showed similar uptake and photolysis behavior in the photolysis 
timecourse assay. The maximal photolytically induced toxicity is seen one hour after treatment 
with either of the bioconjugates. In all cases, photolysis of the bioconjugate demonstrated 
increased toxicity over that of unconjugated chlorambucil Figure 5 shows that die 
chemotherapeutic drug, chlorambucil, has an LD50 of about 2 |iM with respect to the HCT-n6 
cell line, whereas the bioconjugate shows no substantial toxicity at concentrations approaching 
100 ^M. If cells treated with the bioconjugate are subjected to brief irradiation with red light 12 
hours after dosing, the LD50 decreases by a factor of 25 to 0.08 ^M. If a 1 0-fold excess of 
vitamin Bj2 is added to saturate the cell surface receptors, the bioconjugate is not taken into the 
cells and photolysis triggers release of the active chlorambucil in the cell culture medium. The 
released chlorambucil now enters the cell by passive diffusion and an LD50 of 2 jiM is observed 
— in close agreement with the value for chlorambucil standard. 

Figure 6 shows that in cell line HL-60, the unconjugated chlorambucil standard exhibits 
an LD50 of 0.5 ^M, but the bioconjugate is at least 2-fold better with an LD50 of 0.2 ^iM. 'I'he 
cytotoxicity of MC-121 against the leukemia cell line is still a dramatic result when compared 
with the absence of toxicity when the cellular uptake of the conjugate is out-competed by the 
addition of 10 equivalents of vitamin Similar results were obtained with Meth-A cells. The 
HL-60 and Meth-A cells have a high turnover rate, and in the case of Meth-A divide more 
rapidly than the other cell lines. These cells may, in fact, metabolize cobalamin at a faster rate 
than the other cell lines and thus release the chlorambucil in significant concentrations without 
photolysis. In order for this to be practical, however, cobalamin metabolism must occur before 
significant hydrolysis of chlorambucil moiety. It is reported that HL-60 cells are able to convert 
vitamin B,2 into the other cobalamin forms efficiently (more quickly than normal lymphocytes) 
(Quadros and Jacobsen, 1995) and thus, would be able to efficiently release the conjugated 
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chlorambucil. In the other cell lines, however, the bioconjugates are essentially not toxic in non- 
photolytic conditions, which is a promising indication that these bioconjugates may not be toxic 
in normal somatic cells or healthy hematopoetic cells. IC50 values of the bioconjugates in both 
non-photolytic and photolytic conditions are summarized in Table L 



TABLE 1 
ICjg valtics (|aM) 



Cell Line 


HCT-116 


HL-60 


B-16 


Meth-A 


Rd-995 


Chlorambucil 


20.8 


5.8 


1.4 


1.8 


1.1 


Photolysis 












3 


1.7 




0.6 


0.2 


0.2 


4 


1.1 




0.3 


0.3 


0.3 


No Photolvsis 












3 
4 




3.2 
8.9 




210.1 
84.2 











It will be appreciated that the methods and compositions of the instant invention can be 
incorporated in the form of a variety of embodiments, only a few of which are disclosed herein. 
It will be apparent to the artisan that other embodiments exist and do not depart from the. spirit of 
the invention. Thus, the described embodiments are illustrative and should not be construed as 
restrictive. 
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1. A bioconjugate of a bioactive agent and an organocobalt complex wherein the bioactivc 
agent is covalently conjugated to the cobah atom through a non-reactive atom in the 
bioactive agent molecule. 

2. The bioconjugate of claim 1, wherein said non-reactive atom is selected from the group 
consisting of a carbon atom, a nitrogen atom, an oxygen atom, a sulfur atom, a selenium 
atom or a silicon atom, 

3. The bioconjugate of claim 1 , wherein said non-reactive atom is a carbon atom. 

4. The bioconjugate of claim 3, wherein the non-reactive carbon atom is a carbon atom 
from an alkyl, acyl or aryl group that will not lead to rearrangement or destruction of the 
bioactive agent under conditions of ligand exchange during receptor-mediated 
endocytosis, 

5. The bioconjugate of any one of claims 1-4, wherein said bioactive agent is covalently 
bound directly to the cobalt atom of the organocobalt complex. 

6. The bioconjugate of any one of claims 1-4, wherein said bioactive agent is covalently 
bound indirectly to the cobalt atom of the organocobalt complex via a spacer. 

7. The bioconjugate of claim 6, wherein said spacer is a self-destructing linker. 

8. The bioconjugate of any one of claims 1-6, wherein said bioactive agent is a diagnostic 
compound. 

9. The bioconjugate of any one of claims 1-6, wherein said bioactive agent is a 
pharmaceutically active compound. 
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10. The bioconjugate of claim 9, wherein said phamaceutically active compound is an 
anticancer agent. 

IL The bioconjugate of any one of claims 1-6, wherein said bioactive agent is a peptide or 
peptide analogue. 

12. The bioconjugate of any one of claims 1-6, wherein said bioactive agent is a protein or 
protein analogue, 

13. The bioconjugate of any one of claims 1-6, wherein said bioactive agent is a nucleic acid 
or a nucleic acid analogue. 

14. The bioconjugate of claim 13, wherein said nucleic acid or nucleic acid analogue is a 
polynucleotide. 

15. The bioconjugate of claim 14, wherein said nucleic acid or nucleic acid analogue is an 
oligonucleotide. 

16. The bioconjugate of claim 13, wherein said nucleic acid is antisense DNA or RNA. 

17. The bioconjugate of any one of claims 1-16, wherein said organocobalt complex is 
cobalamin, a cobalamin derivative or a cobalamine analogue. 

18. The bioconjugate of any one of claims 1-16, wherein said organocobalt complex is a 
compound having the following formula: 



R 



R 
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wherein the substitutents may be included or omitted to modulate physical properties of 
the molecule, e.g., water solubility, stability or X^^^x " wavelength at which the 
complex absorbs. 

19. The bioconjugate of claim 1 8, wherein said targeting molecule is selected from the group 
consisting of glucose, galactose, mannose, mannose 6-phosphate, transferrin, cobalamin, 
asialoglycoprotein, a-2-macrogiobuIins, insulin, a peptide growth factor, folic acid or 
derivatives, biotin or derivatives, YEE(GalNAcAH)3 or derivatives, albumin, texaphyrin, 
metallotexaphyrin, a vitamin, a coenzyme, an antibody, an antibody fragment and a 
single-chain antibody variable region (scFv). 



20. The bioconjugate of any one of claims 1-16, wherein said organocobalt complex is 
selected from the group consisting of organo(pyridine)bis(dimethylglyoximato)cobalt, a 
corrinoid, derivatives thereof and analogues thereof 

21. A method of administering a bioactive agent to cells of a targeted tissue site of a subject 
which comprises administering to said subject an effective amount of said bioactive 
agent as the bioconjugate of any one of claims 1-20. 

22. The method of claim 20, wherein said cells of said targeted tissue site have an affinity for 
the organocobalt complex portion of said bioconjugate. 

23. The method of claim 20, wherein said cells of said targeted tissue site have an affinity for 
the targeting molecule of the organocobalt complex portion of said bioconjugate. 

24. The method of any one of claims 21-23, wherein said bioconjugate is administered 
intravenously. 

25. The method of any one of claims 21-23, wherein said bioconjugate is administered 
parenterally. 
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26. The method of any one of claims 21-23, wherein said bioconjugate is administered 
orally. 

27. The method of any one of claims 21-23, wherein said bioconjugate is administered 
intramuscularly. 

28. The method of any one of claims 21-23, wherein said bioconjugate is administered 
intrathecally. 

29. The method of any one of claims 21-23, wherein said bioconjugate is administered as an 
aerosol. 

30. The method of any one of claims 17-28, wherein said bioconjugate is actively 
transported into said cells of said targeted tissue site and accumulates in an inactive form 
until activated by cleavage of the bioactive agent from the organocobalt complex. 

31. The method of claim 30, wherein the cleavage occurs as the result of cellular 
displacement. 

32. The method of claim 30, wherein the cleavage occurs as the result of cellular B]2 
metabolic enzymes. 

33. The method of claim 30, wherein the cleavage is caused by an external signal. 

34. The method of claim 33. wherein said external signal is applied to the targeted tissue site. 

35. The method of claim 33 or 34, wherein said external signal is visible light of a 
wavelength which causes photolysis of said bioconjugate. 



36. 



The method of claim 35, wherein said visible light has a wavelength of 400-800 run. 
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37. The method of claim 35, wherein said visible light has a wavelength of 600-800 mn. 



38. The method of claim 38, wherein said visible light has a wavelength of 600-750 nm. 

39. The method of any one of clahns 35-38, wherein said visible light is delivered by fiber 
optics. 

40. The method of any one of claims 35-39, wherein the area surrounding said targeted tissue 
site is subjected to a magnetic field which serves to encourage recombination of 
photolyzed bioconjugate outside the targeted tissue site and thereby reduce the amount of 
bioactive agent available to healthy tissues. 

41. The method of claim 33 or 34, wherein said external signal is ultrsound of a frequency 
which causes sonolysis of said bioconjugate. 

42. The method of claim 4 1 , wherein said ultrasound has a frequency in the range of between 
about 20 kHz to 500 MHz. 

43 . The method of claim 4 1 , wherein said ultrasound has a frequency in the range of between 
about 20 kHz to 1 00 MHz. 

44. The method of claim 41 , wherein said ultrasound has a frequency in the range of between 
about 20 kHz to 10 MHz. 

45. The method of any one of claims 21-44, wherein said targeted tissue site is neoplastic 
tissue and said bioactive agent is an anticancer agent. 

46. ' The method of claim 45, wherein said neoplastic tissue is tissue of a sarcoma. 



47. The method of claim 45, wherein said neoplastic tissue is tissue of a carcinoma. 
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48, The method of claim 45, wherein said neoplastic tissue is tissue of a leukemia. 



49. The method of any one of claims 21-44, wherein said targeted tissue site is tissue 
afflicted with psoriasis and and said bioactive agent is a cytotoxic agent or anti- 
metabolite. 

50. The method of any one of claims 21-44, wherein said targeted tissue site is tissue for the 
application of gene therapy and said bioactive agent is an oligonucleotide or a 
polynucleotide. 

5 1 . The method of claim 50, wherein said oligonucleotide is antisense DN A or RNA. 

52. The method of any one of claims 21-44, wherein said targeted tissue site is tissue for the 
application of peptide therapy and said bioactive agent is a peptide or protein. 

53. The method of any one of claims 21-52, wherein a bolus of vitamin is administered 
prior to administration of said bioconjugate. 

54. The method of any one of claims 21-52, wherein vitamin Bji is administered 
intravenously after cleavage of the bioconjugate to wash out uncleaved bioconjugate. 

55. The method of any one of claims 21-54, wherein nitrous oxide is administered first to 
deplete body stores of vitamin B|2. 
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Interaction of the Antitumor Antibiotic 
Chromomycin A3 with Glutathione, 
a Sulfhydryl Agent, and the Effect upon Its DNA 

Binding Properties 

Sukanya Chakrabarti,'^ Pulak Roy and Dipak Dasguptaf 
Biophysics Division, Saha Institute of Nuclear Physics, Calcutta- 700 037, India 

ABSTRACT. Chromomycin A3 (CHR), an anticancer antibiotic, blocks macromolecular synthesis via 
reversible interaction with DNA only in the presence of divalent cations like Mg^"^. In the absence of DNA 
the antibiotic forms a dimer: Mg^^ complex [(CHR)2Mg^-^]. It is the DNA-binding ligand. The antibiotic hJ 
potential reactive centers that could interact with GSH, the most abundant non-protein thiol in eukaryotic cells 
and a putative cofactor involved in the activation of many antibiotics in vivo. To understand the mode of action 
of CHR in vivo, we studied the interactions of CHR and the (CHR)2Mg^-' complex with GSH and the 
association of die resultant complexes with DNA by means of absorption, fluorescence, and circular dichroism 
spectroscopy. The novel finding was that GSH interacts non-covalently with CHR without a chemical 
modification of the antibiotic. The interaction was reversible in nature. The results are reported in two parts: the 
interaction of CHR with GSH in the absence and presence of Mg^"', and die effect of this interaction on the 
DNA-binding properties of the antibiotic. CHR forms a single type of complex with GSH. In contrast, 
(CHR)2Mg^'^ forms two different types of complexes widi GSH: a low GSH complex at - 12 mM GSH and 
a high GSH complex at ^ 16 mM GSH. Binding and thermodynamic parameters for the reversible association 
of the complexes with DNA demonstrated that they bind differently to the same DNA. The thermodynamic 
parameters indicate that the presence of GSH alters the mode of binding of the {CHK)^Ug^'' complex with 
DNA. The (CHR)2Mg^"*" complex binds to DNA via an entropy-driven process, whereas in the presence of GSH 
the association is enthalpy-driven. The significance of diese results in die understanding of the molecular basis of 
action of the antibiotic is discussed. BIOCHEM PHARM ACOL 56;1 1:1471-1479, 1998. © 1998 Elsevier Science Inc. 

KEY WORDS, anticancer antibiotic; chromomycin A3; glutathione; DNA binding; chromomycin A3 
dimer-Mg complex; absorbance, fluorescence and circular dichroism spectroscopy 



CHRt (Fig. 1) is an antitumor antibiotic produced from 
Streptomyces griseus [1], It reversibly binds to double- 
stranded DNA and blocks its ftmction as a template for 
DNA and RNA polymerases [2]. Studies using optical and 
NMR spectroscopy [3, 4], and enzymatic and chemical foot 
printing [5, 6] demonstrated that the antibiotic binds via 
the minor groove with a GC base specificity. It was 
attributed to H-bonding between potential sites in the 
antibiotic, such as the OH group at C8 with the NH2 and 
N3 group of the guanine base [7]. The reversible interaction 
widi DNA requires the presence of a divalent metal ion 
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such as Mg^"^. We showed that in the absence of DNA the 
antibiotic forms two types of complexes with Mg^"**. These 
complexes are DNA-binding ligands [8]. The complexes, I 
(with 1:1 stoichiometry in terms of drug: Mg^^) and U 
(with 2:1 stoichiometry in terms of drug: Mg^**"), bind 
differently to the same DNA, as indicated from the values 
of the binding stoichiometry and thermodynamic parame- 
ters [9, 10]. Complex II, i.e. (CHEOjUg^'*' , is the plausible 
species formed at a millimolar level of intracellular Mg^"^. 

Not much is known about the mode of action of the 
antibiotic in vivo except that it binds reversibly to DNA in 
the process of blocking its function as a template. The 
antibiotic has potential reactive centers such as the car- 
bonyl group in the aglycone ring (see Fig. 1) for redox 
reactions with appropriate cytosolic components. Assess- 
ment of such interactions will be relevant in understanding 
the mode of action of the antibiotic in vivo, because the 
drug will encounter them during its transport to the 
nucleus. An important cytosolic component is GSH. GSH 
along with^ its oxidized form forms a very potent redox 
system (E^ = -240 mV) [11], which often detoxifies the 
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CHROMOMYCIN A3 

FIG. 1. Structure of chromomycin A3. 

cell via radical intermediate formation. These intermedi- 
ates cause DNA damage and increase the cytotoxicity of 
the antibiotics. GSH is present at a relatively high concen- 
tration in the normal cell (0.5 to 10 mM) [12], the levels of 
which may go up further in the presence of carcinogens or 
in tumor cells [13, 14]. It interacts reductively with a 
number of antibiotics such as neocarzinostatin, calicheami- 
cin, and bleomycin, generating active radical intermediates 
[15, 16]. On the other hand, the cytotoxicity of several 
covalently binding antibiotics like cisplatin, melphalan, 
and Adriamycin® is reduced considerably in the presence of 
GSH by its potential to scavenge free radicals inside the 
cell [17]. The presence of GSH in the cell also increases the 
radioresistance of the cell [18]. In view of these results, we 
have examined in this study the interaction of GSH with 
CHR under in vitro conditions. The effect of the binding of 
GSH upon the DNA-binding property of the antibiotic also 
has been followed because DNA is the major cellular target 
of the antibiotic. This part of the study had two objectives: 
(1) identifying any possible in vivo modification of the 
antibiotic by GSH, and (2) accounting for the high 
cytotoxicity of the antibiotic. 

A significant result from the present studies was the 
finding that the antibiotic bound reversibly to GSH in the 
absence and presence of Mg^**". There was no covalent 
modification of the antibiotic. This finding is novel and 
hitherto unreported for any other antibiotic We have 
divided our results into two parts. The first part describes 
thie interaction between CHR and the (CHR)2Mg^'*^ com- 



plex formed at a millimolar concentration of Mg^"*" [8, 9] 
with GSH. The second part reports the DNA-binding 
properties of the GSH-bound (CHR)2Mg^^ complex. 
Thermodynamic parameters for DNA binding were deter- 
mined for GSH-bound forms of (CHR)2Mg^"*" to charac- 
terize the mode of binding. 

All studies were carried put at pH 8.0 where a homoge- 
neous population of negatively charged drug (pK^ 7.0) exists 
[19]. GSH is also negatively charged at this pH. CT DNA was 
chosen as the natural DNA model because it consists of 
comparable percentages of AT and GO base pairs. 

MATERIALS AND METHODS 

Chromomycin A3, Tris, magnesium chloride solution (4.9 M), 
and CT DNA were from the Sigma Chemical Co. Poly(dA- 
dT), Sephacryl S-1000, and agarose were from Pharmacia 
Biotech Ltd. GSH, methanol, acetic acid, ammonium acetate, 
and sodium chloride were from the Sisco Research Labo- 
ratory. The purity of GSH was checked. Unless mentioned 
otherwise, studies were done in 20 mM Tris-HCl plus 100 
mM NaCl buffer, pH 8.0. All buffers were prepared in 
deionized, all quartz distilled water. Absorption, fluores- 
cence, and CD spectra were recorded with an Hitachi 
U-2000 spectrophotometer, a Shimadzu RF-540 spectroflu- 
orometer, and a Jasco 720 spectropolarimeter, respectively. 
We determined the concentration of the antibiotic, DNA 
samples, and polynucleotides from their known molar extinc- 
tion coefficients. The concentration of GSH, estimated by 
the enzymatic assay [20], was standardized against the dry 
weight of the chemical. GSH was stored under anhydrous 
conditions in the dark at a low temperature. A fresh 
solution of GSH was prepared as needed, just prior to use. 

CT DNA was deproteinized by the chloroform-phenol 
extraction method and precipitated with ethanoL Then it 
was redissolved in 20 mM Tris-HCl buffer, pH 8.0, dialyzed 
extensively against the same buffer containing 5 mM 
EDTA to remove metal ions, and finally dialyzed against 
the buffer minus EDTA to remove EDTA. 

The pARC035 plasmid was isolated from its host strain, 
JMJOl, by alkali lysis method [21]. Final purification of the 
supercoiled plasmid DNA from RNA and relaxed plasmid 
DNA was done by Sephacryl S-1000 column chromatog- 
raphy. Purity of the circular DNA was checked by agarose 
gel electrophoresis. 

Fluorescence measurements for the antibiotics and the 
(CHR)2Mg^"^ complex in the presence and absence of 
GSH were carried out at an excitation wavelength of 470 
nm instead of the absorption maximum at 405 nm, to avoid 
photodegradation [9]. Optical density of the samples at 470 
nm did not exceed 0.02. Therefore, we did not correct the 
emission intensity for an optical filtering effect. Back- 
ground emission (<5% of maximum) was corrected for by 
subtracting signals from blank buffer or GSH plus buffer 
samples. CD values are expressed as observed ellipticity 
(Oobj) in millidegrees. CD spectra were measured in a 
10-mm path-length cuveitte as an average of two runs; They 
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were subtracted from buffer blank or GSH plus buffer 
samples, and smoothed within permissible limits by the 
inbuilt software of the instrument. 

An LKB Superpac Cartridge column (4 X 125 mm), 
Spherisorb ODS2 (3 jtm) was used for reversed-phase 
HPLC. The GSH complex was prepared by mixing 50 |xM 
CHR with 16 mM GSH in 20 mM Tris-HCl plus 100 mM 
NaCl, pH 8.0, and incubated in the dark for 30 min. Fifty 
microliters of this sample was loaded into the column. The 
elution buffer was a gradient running from 100 to 0% 
methanol in the aqueous phase, 10 mM NH4AC/AC buffer, 
pH 6.2. Eluted fractions were detected for CHR from 
fluorescence emission at 540 nm (\„ = 470 or 405 nm). 

Supercoiled plasmid DNA was incubated with GSH- 
bound (CHR)2Mg^^ and run on a gel to detect any change 
in the DNA topology caused by ligand-induced relaxation 
or nicks [22]. The (CHR)2Mg2-^ complex (formed by 
mixing 196.3 |xM CHR with 20 mM MgClz in the dark for 
1 hr) was incubated separately with 12.3 and 18.0 mM 
GSH for 30 min in die dark at 25°, in 20 mM Tris-HCl, 
plus 100 mM NaCl, pH 8.0. Then GSH^bound complex 
was incubated with 193 \lM plasmid DNA for a period of 4 
hr, under the same conditions. The total sample volume of 
12 \lL was mixed with 2 jjlL of bromophenol blue dye and 
run on a 0.7% agarose gel. This was followed by ethidium 
bromide staining to detect any change in the migration of 
the complex-bound DNA widi respect to the free DNA or 
DNA plus GSH, which were also loaded as controls. 

Analysis of Binding Data 

The binding isodierms were obtained by incubating the 
GSH plus (CHR)2Mg^^ complex with DNA in the buffer 
at dififerent ratios of DNA and drug at a particular temper- 
ature, and monitoring the change in emission intensity at 
540 nm (X^^ = 470 nm) due to binding with the DNA. The 
spectrofluorometric titration data of the GSH-bound 
(CHR)2Mg^'^ complexes with CT DNA were analyzed by 
two methods: curve fitting and Scatchard analysis. 

In the model-independent curve-fitting method, the 
apparent binding constant was determined firom the disso- 
ciation constant that fitted best to the experimentally 
obtained points. Here the ligand-DNA reaction was con- 
sidered according to die following equilibrium: L + D = 
L'D. At a fixed concentration of the ligand and increasing 
concentrations of DNA, the titration profile shows the 
increase in the fluorescence intensity of the ligand as it 
I binds to DNA. For an initial concentration "a" of the 
I ligand and an input concentration "b" of DNA, the 
I concentration of L-D is given by "x," such that the 
I dissociation constant takes the fbrm, = (a - x) - 
I (b - x)/x. Replacing "x" by die spectroscopic signal "S," 
the above equation takes the form: 

K,= [a~ (ASoJAS^ . a] • [b - AS,JAS^ - a]/ 
"'^ [(AS^AS_)-a], 



where AS,^ (S,,, - So), AS_ = (S„^ = So), and So 
IS the mitial signal value of ligand when no DNA has been 
added. A program determines the value of for each 
experimental value of b and AS^^s- AS^^ was determined 
from the double-reciprocal plot [23]. Finally, a theoretical 
curve was constructed using the best fit value for 

1/K3PP). 

The Scatchard plot is given by the equation r/Cf = Kq 
(n - r), where r = CJC^ (C^ is the concentration of the 
bound ligand and Cp is the concentratioii of the DNA); n 
is the binding stoichiometry in tenns of the number of dmg 
molecules bound per nucleotide, and Kq is the intrinsic 
binding constant. The apparent binding constant is 
given by Ko • n. The dequenching of the fluorescence oTthe 
ligand as a function of added concentration of DNA was 
analyzed to constmct the binding isotherm according to the 
Scatchard method. Cf, was calculated as follows: Cy = 
Q/Qmax ' Cjoj, where C^^^ is the initial input concentration 
of the ligand, Q is the fractional dequenching during 
titration, and Q^^ is the fractional dequenching when the 
ligand is totally bound to DNA [24]. Q is determined from 
the relation Q = (J - l^)/!^, where Iq and I are the emission 
intensities of the free ligand and DNA bound ligand, respec- 
tively; = (J^ - /q)//^, where / is obtained from a 
plot of 1/(1 - /o) against l/(Cp - Cf,), for which die intercept 
yields the value of l/(i^ - y [23]. This approach is based on 
the assumption of a linear relation between emission 
intensity and the concentration of the ligand, which was 
found to be valid for die concentration range of 5-50 (xM 
of the ligand employed. The experimental points for the 
binding isotherm were subjected to least squares analysis 
with a view to getting a best-fit straight line. 

The two methods were employed to analyze the binding 
data in order to check the internal consistency. This is 
particularly necessary when the affinity constant values are 
in the moderate range and the ligands are bulky. 

The diermodynamic parameters AH (van^t Hoff en- 
thalpy), AS (entropy), and AG (free energy) were deter- 
mined using the following equations: in K ~ -AH/ 
RT + AS/R and AG = AH - TAS, where^R and T are 
the universal gas constant and absolute temperature, re- 
spectively [25]. K3PP was determined at four temperatures: 
20"*, 25"*, 30°, and 35**, respectively, to evaluate AH and 
AS, and these values were incorporated in die equation to 
obtain the value of AG at room temperature. 

RESULTS 

Interaction of CHR and Its fCHRKAd^^ Comblexes 
withQSH 

Changes in die absorbance and CD spectrum showed that 
CHR and (CHR)2Mg^'^ complex bound to GSH (Fig. 2 
and 3). The absorption spectra for GSH-bound CHR and 
(CHR)2Mg^'*' complex are shown in Fig. 2a and 3a, respec- 
tively. Common features for the change in the absorption 
spectra were broadetiing, a red shift of the peak, arid hypo-. : 
chromicity when they were compared widi the^gp^trum^ - 
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FIG. 2. (a) Absorption spectra of CHR under different condi- 
tions in 20 mM Tris-HCl plus 100 mM NaCl buffer, pH 8.0, at 

25**: (1) CHR (15.0 »tM) alone ( ); and (2) CHR (15.0 

|iM) in the presence of GSH [10.3 mM ( ) and 17.4 mM 

( )]• The reference cuvette contained the above buffer 
and GSH at the same concentration as in the sample cuvette, (b) 
CD spectra (340-520 nm) of CHR under different conditions 
in 20 mM Tris-HCI plus 100 mM NaCl buffer, pH 8.0, at 25": 

(1) CHR (15.0 fiM) alone ( ); and (2) CHR (15.0 |jiM) 

in the presence of GSH [10.7 mM (— - — ) and 16.0 mM 
( )]. 



the free CHR. The spectrum of GSH-bound (CHR)2Mg^'^ 
complex showed a blue shift with respect to that of free 
(CHR)2Mg^ ^complex. CD spectral change of CHR provided 
further evidence in favor of its association with GSH (Fig. 2b). 
There was a sharp decrease in the intensity of the CD bands 
when the input concentration of GSH changed from 10.7 to 
16 mM. While die change in CD spectra indicated the 
interaction of (CHR)2Mg^**' complex with GSH, die nature 
of the change as a frinction of the input concentration of GSH 
was remarkably different from the previous example (Fig. 3b). 
The addition of GSH led to an initial increase in the 
ellipticity around 450 nm. It continued until -IZmM GSH, 
when die peak became relatively broad. At a hi^er GSH 
concentration (--18 mM), the ellipticity decreased with a 
concomitant broadening of the spectrum. It suggests diat in 
the concentration range of 10 to 12 mM GSH, d^diJ&gfit 
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HG. 3. (a) Absorption spectra of CHR, (CHR)2Mg^^ complex, 
and the low and the high complexes of GSH alone and in the 
presence of the different concentrations of CT DNA in 20 mM 
Tris-HCl plus 100 mM NaCl buffer, pH 8.0, at 25**: (1) CHR 
(15.7 M-M) alone ( ); (2) (CVm^i^^ complex contain- 
ing 15.7 fiM CHR and 12.0 mM MgCl^ ( ); (3) low 

GSH complex [(CHR)2Mg^-*^ complex plus GSH (12,0 mM, 
— ' — • )]; (4) low GSH complex in the presence of CT DNA 

(314 »tM, ); (5) high GSH complex [(CHR)2Mg^^ 

complex plus GSH (18.0 mM, - • .* • )]; and (6) hi^ GSH 

complex in the presence of CT DNA (750 jiM, ). 

(b) CD spectra (340-520 nm) of CHR, (CHR)2Mg^'' complex, 
and the low and high GSH complexes alone and in the presence 
of different concentrations of CT DNA in 20 mM Tris-HCl 
plus 100 mM NaCl buffer, pH 8.0, at 25°. For comparison, the 
spectra for the (CHR)2Mg^'** complex in the presence of a 
saturating concentration of CT DNA is also given: (1) CHR 

(15.0 |xM) alone ( ); (2) {P^m^^^ complex contain^ 

ing 15.0 |iM CHR and 12.0 mM MgClz ( ); (3) low 

GSH complex \jS:m.)^^^ complex plus GSH (12.3 mM, — 
• — )]; (4) low GSH complex in the presence of CT DNA (330 
ftM, - - - -); (5) higji GSH complex [(CHR)2Mg^-*^ complex 
plus GSH (18.9 mM, ...... )]; (6) high GSH complex in the 

presence of CT DNA (600 jtM, ); and (7) 

(CHR)2Mg^^ complex in the presence of CT DNA (220 jiM, 



species is formed in the case of the (CHR)2Mg^'*" complex. 
Absorption spectroscopy did not indicate the formation of 
such an intermediate complex. Illustrative titration profiles for 
the binding of (CHR)2Mg^*** conq)lex to GSH using two 
different spectroscopic techniques are shown in Fig. 4. The 
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no. 4. Titration profiles for the binding of (CHR)2Mg^'^ 
complex to GSH obtained from different spectroscopic tech- 
niques in 20 mM Tris-HCI plus 100 mM NaCl buffer, pH 8.0, 
at 25°: (1) CD, O/Oo, at 440 nm as a function of GSH 
concentration (O); and (2) absorption, A/Aq, at 405 nm as a 
function of GSH concentration (A). In the (CHR)2Mg^"^ 
complex, concentrations of CHR and MgCl2 were 15.0 p.M and 
12 mM, respectively. 6 is the ellipticity observed after each 
addition of GSH, and Oq is the observed ellipticity in the absence 
of GSH. Likewise, A and A^ represent the absorbance after each 
addition of GSH and in the absence of GSH, respectively. 



profiles bring out the differences in the nature of the 
change observed from absorbance and CD spectroscopy. 
The second methodology showed the formation of two 
types of complexes with GSH, when (CHR) 2Mg^+ com- 
plex bound to it. We did not observe any difference in the 
nature of the titration profiles in the case of free drug (data 
not shown). Therefore, we assume that it forms only a 
single type of complex with GSH. 

Henceforth, the complex that was formed at the lower 
concentration of GSH (12 mM) is referred to as the low 
QSH complex of (CHR)2Mg^'^ and the one formed at the 
higher concentration of GSM (>16 mM), as the high QSH 
complexy respectively. 

The reversible nature of the binding of CHR and 
(CHR)2Mg^'^ complex widi GSH was established as fol- 
lows. A comparison of the reversed-phase HPLC profiles of 
the drug (or its Mg^*^ complex) and its equilibrium mixture 
with GSH showed that the free as well as the GSH-bound 
CHR eluted at the same place, thereby indicating the 
reversibility of the interaction and the absence of formation 
of a covalent complex with GSH (data not shown). 



DNA Binding Potential of the QSH-Bound Antibiotic 
and (CHRj^Mg^^ Complex 

Since die- ^antibiotic is established as a DNA^binding 
inhibitorof replidition and transcription, we examined the 
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HG. 5. Fluorescence emission spectra of CHR, (CHR)2Mg^"^ 
complex, and the high complex of GSH under different condi- 
tions in 20 mM Tris-HCI plus 100 mM NaCl buffer, pH 8.0, at 
25^ (1) CHR (15.0 ftM) alone (_ - _); (2) (CHR)2Mg^+ 
complex containing 15.0 fiM CHR and 12.0 mM MgCl^ 

( )j O) (CHR)2Mg^"^ complex in the presence of GSH 

(18.0 mM, -), i.e. high GSH complex; and (4) high GSH 

complex in the presence of CT DNA (150 ixM, ) and 

(750 fxM, — - - — ). 

DNA'binding properties of the GSH-bound CHR in the 
absence and presence of Mg^"*". 

Absorption, fluorescence, and CD studies showed that 
the spectrum of the GSH-bound antibiotic did not change 
upon the addition of DNA in the absence of Mg^**" (data 
not shown). On the other hand, absorbance, CD, and 
fluorescence spectra of both low and high GSH complexes 
underwent a considerable change upon the addition of 
DNA (Fig. 3 and 5), thereby showing that they bind to 
DNA. It also indicated that the obligatory requirement of a 
divalent metal ion for the association of the antibiotic with 
DNA [9] is maintained for its GSH-bound form. GSH- 
bound (CHR)2Mg^"*". complexes did not bind to poly 
(dA-dT) as verified by the absence of change in the 
absorption spectra of the ligands upon the addition of the 
polynucleotide. TTiis suggests that GC base specificity is not 
altered upon association with GSH. Experiments with 
supercoiled plasmid DNA pARC035 showed the absence of 
a new band corresponding to relaxed DNA, when the 
supercoiled DNA was incubated with the high GSH com- 
plex of (CHR.)^g^;t^ for a peri^ 
indicates that thS" DNA' remainis in the same topological 
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form. This observation eliminates the possibility of the 
GSH complexes causing a nick in the DNA strand. 

An analysis of spectral changes such as those shown in 
the figures mentioned above indicates the following general 
trends. A red shift compared with the unbound ligand, and 
an increase in the molar extinction value near the 400-440 
nm region ensue the binding of the ligand(s) to DNA (Fig. 
3a). An increase in the fluorescence emission intensity and 
a blue shift of the emission peak relative to that of the free 
ligand are the two features in the fluorescence spectra 
characterizing die binding of the complexes to DNA (Fig. 5). 
This is in contrast to the red shift of the fluorescence peak for 
die (CHR)2Mg^"*^complex when it binds to DNA [9]. CD 
spectral changes upon addition of DNA provided further 
evidence for the binding of high and low GSH complexes 
with DNA. The most general feature was the increase in the 
CD band intensity around 440 nm. The resultant spectrum 
in the presence of DNA was not overlapping with that 
obtained upon the addition of DNA to the (CHR)2Mg^'^ 
complex in the absence of GSH (Fig. 3b). It indicates that 
the overall nature of the DNA-bound ligands is different in 
both cases. Thus, the. addition of DNA does not lead to a 
dissociation of GSH from the (CHR)2Mg^^ complex. 

A representative binding isotherm is shown in Fig. 6a. 
From the binding isotherms, analysis was done to determine 
the apparent affinity constants, K^^^, as described under 
Materials and Methods. The non-cooperative nature of the 
binding isotherm led us to a Scatchard analysis of the data 
(shown in Fig. 6b). The relevant binding parameters are 
summarized in Table 1. The results of the analysis by the two 
methods were found to be self-consistent widiin the limits of 
experimental enors. Since there was no significant deviation 
of the points in the Scatchard plot from linearity near the 
. abscissa, McGhee-Von Hippel analysis of the binding was not 
attempted. The single temperature values of the affinity 
parameters for DNA binding of die different GSH complexes 
show diat the DNA-binding affinity for the drug dimer was 
relatively higher than for die low and high GSH corr^lexes. 
The affinity was lowest in the case of die high GSH complex. 
The stoichiometries were comparable for the binding of all 
the different ligands to DNA (6-7 bases/drug). 

Since the enthalpy- entropy compensation may lead to 
comparable free energy changes, diese parameters were 
determined to characterize the DN A-binding properties of 
the two GSH complexes. They were evaluated from the 
measurement of apparent binding constants at four temper- 
atures. A plot of In fCgpp against 1/T was constructed from 
which the values of AH (from the slope) and AS (from the 
intercept) were determined (Fig. 6c). Then die values of 
AG were calculated from diese values (see Materials and 
Methods). The stoichiometry of binding did not alter with 
the temperature. The estimated values are summarized in 
Table 2, and the following features emerge from a scrutiny 
of this information. Both high and low GSH complexes of 
(CHR)2Mg^'*" bind to DNA via an enthalpy-driven process. 
On die other hand, past results from.our laboratory showed 
diat die (CHR)iMg^^ complex binds to DNA in an 
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FIG. 6. (a) Binding isotherm (fluorescence emission intensity 
AF540 of ligand as a function of DNA concentration) obtained 
by the curve-fitting method for the interaction of high GSH 
complex of (CHR)2Mg^-^ with DNA in 20 mM Tris-HCl plus 
100 mM NaCl buffer, pH 8.0, at 35°. Experimental points (O) 
are fitted with the theoretical best-fit curve. In the 
(CHR)2Mg^"^ complex, the concentrations of CHR and MgClz 
were 153 fiM and 12.0 mM, respectively. The high GSH 
complex contained 18.0 mM GSH. (b) Scatchard plot for the 
interaction of low GSH complex of (CHR)2Mg^"*" with CT 
DNA^in 20 mM Tris-HCl plus 100 mM NaCl buffer, pH 8.0, 
at 30**. In the (CHR)2Mg^* complex, the concentrations of 
CHR and MgClj were 15.0 pM and 12.0 mM, respectively; and 
the low GSH complex contained 12.0 mM GSH. (c) van't Hoff 
plot for the interaction of high GSH complex of (CHR)2Mg^'^ 
widi CT DNA in 20 mM Tris-HCl plus 100 mM NaCl buffer, 
pH8.0. 

entropy-driven manner [9]. These observations are signifi- 
cant because they demonstrate that the presence of GSH 
perturbs the association of the (CHR)2Mg^'** complex with 
DNA and lend support to our previous observation that the 
addition of DNA does not lead to dissociation of GSH from 
(CHR)2Mg2-" complex. 



DISCUSSION 

The above experimental results show that reduced GSH 
binds reversibly to the free CHR and (CHIDzMg^^. com> 
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TABLE 1. Binding parameters for the interaction of GSH-bound (CHR)2Mg^"^ Complex 
with CT DNA at 20 mM Tris-HCl plus 100 mM NaCl, pH 8.0, at 30°* 



Complex type 




KJX 10^M~*)t 


^C,pp(X 10^ M- 




(CHR)2 Mg^" 




2.1 


4.3 


0.17 


Low complex ([GSH] 


= 12.0 mM) 


0.9 


1.2 


0.15 ± 0.01 


High complex ([GSH] 

* /r-uDX 1 


= 18.0 mM) 


0.5 


0.8 


0.15 ± 0.01 



* (CHR)2Mg^'^ complex was prepared by incubating 15 jlM CHR with 12 mM MgClz for 1 hr. This was followed by the 
addition of GSH (the concentration is mentioned in the parentheses) and incubation for 30 min. The values were obtained 
by spectrofluorometric titration as shown in Fig. 5, where separate aliquots of the prepared complex were incubated with 
increasing concentrations of CT DNA, for 4 hr. Each incubation was done in the dark at 30**. Fluorescence signab (\^, = 470 
nm) of the incubated samples were noted at 540 nm. 



t Binding constants were determined using the best-fitted theoretical curve method, as described in Materials and Methods. 

t Binding constant, (M~^), and binding stoichiometry, n (drug molecules bound per nucleotide), were determined using 
a Scatchard plot as described in Materials and Methods. The value of n is an average of three independent sets of experiments; 
± values denote standard error. 



plex. The reversible nature of the interaction is the feature 
that distinguishes it from other antibiotics such as 
enediynes or bleomycins. These complexes could be formed 
under in vivo conditions also, because the intracellular 
concentration of GSH lies in the range of 0.5 to 10 mM 
[12]. The possibility further increases in tumor cells where 
the GSH level goes up [13, 14]. The moderate salt concen- 
tration used in the buffer (100 mM NaCl) eliminates the 
possibilities of non-specific association involving negatively 
charged GSH at pH 8.0 in our studies. 

There is an important difference between CHR and 
(CHR)2Mg^^ complex in the nature of the association 
with GSH. It forms two types of complexes with the drug 
dimer, (CHR)2Mg^*^. The difference in the molecular 
nature of the GSH-bound complexes of the free drug and 
the (CHR)2Mg^'^ complexes is indicated from their spec- 
troscopic properties such as absorbance and CD, and their 
DNA-binding properties as well. 

The experimental results are discussed as follows: inter- 
action of CHR and its (CHR)2Mg^'^ complex with GSH 
and association of the GSH-bound (CHR)2Mg^'*' com- 
plexes with CT DNA. 

Interaction of Chromomycin A3 and the (CHR)2Mg^^ 
Complex with QSH 

The binding of the antibiotic and its Mg^"*" complexes to 
reduced GSH is characterized by changes in the absorbance 



TABLE 2, Thermodynamic parameters for the interaction of 
GSH-bound (CHR)2Mg^+ Complex with CT DNA, in 20 
mM Trifr-HCl plus 100 mM NaQ, pH 8,0* 



Complex type 




AH AS AGt 
(kcal/mol) (e.u.) (kcal/mol) 


(CHR)2Mg^-^ 

Low complex ([GSH] = 

High complex ([GSH] = 


12.0 mM) 
18.0 mM) 


8.1t 46.3* -5.9 
-12.6 -23.6 -5.4 
-10.8 -19.1 -5.0 



*Complex preparation and titration with CT DNA was done as described in the 
legend to Table 1 at four different temperatures: 20*. 25*. 30*, and 35*. The 
thermodynamic parameters Were determined by the van't HofF method, as stated in 
i^terials ^nd Methods. A representative example is shown in Fig. 6c. -^ 
^/-'tAG values were determined at 30*. - ' 
^Froin Ref: 9. ^ " ■ ' " -sr: ^^ : i:rf 



and chiro-optical properties of the antibiotic. In general, 
change in the absorption spectrum of free drug or 
(CHR)2Mg^^ complex upon binding to GSH could be 
attributed to an alteration in the local electronic environ- 
ment of the aglycone chromophore. The presence of 
negatively charged GSH is a potential source for such 
perturbation in an electronic environment. TTie hypochro- 
mic effect in the absorption spectra originates from the 
stacking of the chromophores in the aggregated CHR or 
(CHR)2Mg^"^ complex. A similar trend was also noticed 
when the antibiotic underwent self-association at a higher 
concentration (unpublished results). Therefore, it may be 
suggested that complex formation with GSH leads to 
self-association of the drug. However, the self-associated 
forms are different in the case of CHR and (CHR)2Mg^"** 
complex, as apparent from the non-overlapping nature of 
the final spectra in the presence of GSH (compare Figs. 2a 
and 3a). The cooperative nature of the binding profiles 
(Fig. 4) provides further evidence in support of aggregation 
of the antibiotic when it birtds to GSH. 

CD spectral changes provide more information about the 
physical process associated with the binding because it 
originates from the optical asymmetric properties of the 
aglycone ring in the GSH-bound antibiotic. They show a 
major difference in the GSH-binding properties of CHR 
and (CHR)2Mg^'*' complex, namely, the formation of a 
second species at an intermediate GSH concentration 
(-12 mM) for the (CHR)2Mg^'^ complex. In this case, the 
CD titration profile is multiphasic in nature (Fig. 4)- The 
increase in ellipticity at an intermediate concentration of 
GSH is a characteristic property in the presence of Mg^"^, 
which induces a certain conformational change of the 
GSH-bound species. The nature of the CD spectrum 
at ---12 mM GSH (Fig. 3b) originates from an ordered 
structure. Such enhanced ellipticity is the feature of a 
regular structure, permitting a helical flow of charge [26]. 
Mg^"*^ reduces the electrostatic repulsion between the neg- 
atively charged drug and GSH molecules, thereby favoring 
the formation of an ordered structure. Direct or water- 
mediated H-bond formation involving different potential 
loci in the tripeptide and (GHR)2Mg^"** complex might also 
give rise to such an ordered structure [27]. 
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On the other hand, in the high GSH complex formed at 
a relatively higher concentration of GSH (^16 mM), the 
above ordered structure is perturbed due to ionic contribu- 
tions from negatively charged GSH and hydrophobic in- 
teractions between the chromophores of the antibiotic. It 
leads to a disordered structure of the chromophores in CHR 
or its Mg^"^ complex. Such aggregation would result in a 
decrease in CD band intensity of the high GSH complex 
relative to (CHR)2Mg^*^ complex (Fig. 3b). 

Interaction of the QSH-bound (CHRjiMg^"^ Complexes 
with CT DNA 

DNA'binding properties of the GSH-bound Mg^^ com- 
plexes of the antibiotic were examined, because DNA is the 
prime cellular target. The differences between the low and 
the high complex of GSH as DNA-binding ligands were 
checked and compared with that for (CHR)2Mg^"^ com- 
plex in the absence of GSH. 

DNA-binding properties of the antibiotic characterized 
in the absence of GSH are retained even in its presence, 
e.g. the obligatory requirement of a divalent metal ion and 
GC base specificity. The possibility of the formation of any 
covalent interaction between the high and low GSH 
complex and DNA appears remote, from the absence of any 
nick in the supercoiled DNA. Similarly, we did not notice 
any change in the binding when the studies were carried 
but in a nitrogen atmosphere. It suggests that oxygen does 
not affect the binding, thereby further reducing the possi- 
bility of a covalent interaction via a free radical mecha- 
nism, as reported in the case of other antibiotic-GSH 
interaction [12, 13]. 

A comparison of the affinity parameters • among 
(CHR)2Mg^"^ and its low and high GSH complexes for 
association with DNA showed that the first one has the 
highest affinity, binding stoichiometry being comparable 
for all of them. These results suggest that under in vivo 
conditions, either of the GSH complexes has the potential 
to bind to DNA. A change in the mode of recognition of 
DNA by the (CHR)2Mg^'^ complex due to its association 
with GSH is established from the thermodynamic parame- 
ters. The effect of GSH upon the DNA-binding properties 
of the low and high complex of (CHR)2Mg^'^ is clearly 
indicated when we compare the thermodynamic parameters 
associated with the binding of different ligands to DNA, as 
shown in Table 2. The presence of GSH chatiges the 
entropy-driven interaction of (CHR)2Mg^"*" complex with 
DNA to an enthalpy-driven* interaction. The thermody- 
namic parameters associated with the binding to DNA are 
not much different among the low and high GSH com- 
plexes. In an earlier report, we proposed an alteration of the 
DNA structure at die binding site of die (CHR)2Mg^'*^ 
complex in order to account for the positive enthalpy 
chainge [10], In the absence of any direct evidence, it may 
be surmised that anionic GSH may be involved in the 
formation of a noncovalent bond, sudi as an H-bond, when 
low and high GSH complexes bind to DNA. It may lead to 



a favorable enthalpy change, thereby making the interac- 
tion enthalpy-driven. The negative change in entropy is 
another distinctive feature for the association of 
(CHR)2Mg^'*' complex with DNA in the presence of GSH. 
Insufficient data prevent us from identifying the origin of 
the above change, which could result from the ordering of 1 
the solvent molecules and counterions when the low and 
high GSH complexes bind to DNArThe negative value of 
the entropy change for the GSH complexes may, therefore, 
be attributed to the reorientation of the (CHR)2Mg^'^ in 
the individual complexes prior to binding to DNA. This 
would lead to a more constrained arrangement of ligand 
and solvent. In the above processes, the possibility of 
negatively charged GSH interacting directly with DNA is 
distant, because it does not bind to DNA at this range of 
concentration. The differences in the values of the ther- 
modynamic parameters are not significant enough to sug- 
gest that the high and low GSH complexes are different 
DNA-binding ligands. However, the non-overlapping na- 
ture of the DNA-bound spectra (absorption and CD) for 
the GSH complexes of (CHR)2Mg^"^ (Fig. 3, a and b) 
suggest that their DNA-bound forms have different molec- 
ular structures. 

GSH is a reducing agent that covalently modifies many 
antibiotics, culminating in damage of DNA by these 
modified antibiotics, thus enhancing their cytotoxicity. 
From our results, such a possibility in the case of CHR 
appears very remote. The reason for the high cytotoxicity of 
the aureolic acid group of antibiotics may be ascribed to 
their interaction at some other cellular site, e.g. a recent 
report has shown that a structurally related drug, mithra- 
mycin, binds to the cytoskeletal protein spectrin [28]. 
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[57] ABSTRACT 

The present invention rdates to irrmiunoconjugates com- 
prising an antibo(fy fragment which is covalendy bound to 
a diagnostic cx therq)eutic principle throu^ a carbohydrate 
moiety in the light chain variable region of ttie antibody 
fragment. The invention also rdates to immunoconjugates 
cornprising an antibody moiety diat is an intact andbody 
containing a glycosylation site in the light chain variable 
domain which has been introduced into the antibody by 
mutating the nudeotide sequence encoding the light diain. 
The resultant immunoconjugates retain the irrmiunorcactiv- 
ity of the antibody fragment or intact antibody, and target the 
diagnostic or therapeutic principle to a target tissue where 
the diagnostic or ^erq)eutic effect is realized. Ihus, the 
invention contemplates the use of such immunoconjugates 
for diagnosis and immunotherapy. The invention further 
relates to metiiods for preparing sudi immunoconjugates. 

12 Claims, No Drawings 
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PREPARATION AND USE OF 
IMNfUNOCONJUGATES 

This application is a continuation-iii-part of U.S. patent 
application Sen No. 08/162,912 (filed Dec. 8, 1993), issued 
as U.S. Pat No. 5,443,953 on Aug. 22, 1995. 

BACKGROUND OF THE INVENTION 

1. Fidd of the Invention 

This invention is directed to novel immunoconjugates that 
are useful for diagnosis and therapy. In particular, diis 
invention is directed to immunoconjugates comprising an 
antibody fragment which is covalently bound to a diagnostic 
or thenypeutic principle thiougfi a carbohydrate moiety in the 
light chain variable region of the antibody fragment This 
invention is also directed to immunoconjugates con^rising 
an antibody moiety that is an intact antibody containing a 
glycosylation site in the light chain variable domain which 
has been introduced into the antibo^ by mutating the 
nucleotide sequence encoding the light chain. This invention 
is further directed to methods for preparing such inmuino- 
conjugates. This invention also is directed to methods of 
diagnosis and therapy using such immunoconjugates. 

2. Related Art 

Monoclonal antibodies can be conjugated to a variety of 
agents to form umnunoconjugates for use in diagnosis and 
tfierapy. These agents include chelates, which allow the 
inununoconjugate to form a stable bond with radioisotopes, 
and cytotoxic agents such as toxins and diemother^y 
drugs. For exanc^le, cytotoxic agents that normally would be 
too toxic to patients when administered in a systemic fashion 
can be coupled to anti-cancer antibodies in such a manner 
that thdr toxic effects become directed only to the tumor 
cells bearing the target antigens. The diagnostic or thera- 
peutic efficacy of immunoconjugates depends upon several 
factors. Among these factors, the molar ratio of the diag- 
nostic or therapeutic principle to antibody and the antibody 
binding activity of the immunoconjugate are of major con- 
cern. 

Researchers have found that the maximum number of 
diagnostic or therap^itic princ^les that can be directly 
linked to an antibody is limited by the numb^ of modifiable 
sites on the antibody molecule and the loss of immuncre- 
activity of the antibody. For example, Kulkami et aL , Cancer 
Research 41:2700-2706 (1981), have rqxirted that there is 
a limit to tiie number of drug molecules that can be incor- 
porated into an antibody without significantly decreasing 
antigen-binding activity. Kulkami et aL, found diat the 
hig^iest inccqxration (4)tained for methotrexate was about 
ten methotrexate molecules per molecule of antibody, and 
that attenq}ts to increase the drug-antibody molar ratio over 
about ten decreased the yield of immunoconjugate and 
damaged antibody activity. Kanellos et aL, JNCI 
75-319-329 (1985), have reported similar results. 

In order to achieve a high substitution level of drug- 
immunoconjugate without significantly impairing antigen- 
binding activity, researdiers have investigated the use of a 
water-soluble polymeric molecule as an intermediary for the 
indirect conjugation of the drug. Such polymers include 
oxidized dextran (Amon et aL, ImmunoL Rev. 62:5-27 
(1982)), poly-glutamic add (Greenfield et aL, Antibody 
Immunocory'ugates and Radiopharmaceuticals 2:201-216 
(1989)), human serum albumin (Baldwin et aL, NCI Mono- 
graphs 3:95-99 (1987)), and carboxymcthyldextran 
(Schechter et aL, Cancer ImmunoL Immunother. 25:225-230 
(1987)). 
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Shih et aL, Int, J. Cancer 41:832-839 (1988), have 
described a site-specific linking method in which nwsthotr- 
exate was Unked to the carbohydrate moi^ in the constant, 
or 'Tc," region of an antibody via amino-dextran, resulting 

5 in an immunoconjugate with high substitution ratio and 
retention of immuncH'eactivity. More recently, Shih et aL, Int. 
/. Cancer 46:1101-1106 (1990), demonstrated the cfiBcacy 
of an immunoconjugate con^sing 5-fluorouridine conju- 
gated via amincMlextran to the carbohydrate moiety in the 
Fc region of a monoclonal antibody. In both studies, Shih et 
aL found that the immunoconjugate contained appcoid- 
matdy 30-50 molecules of drug per molecule of immuno- 
globuHn. Thus, indirect conjugation of a diagnostic or 
therapeutic principle to a carbohydrate moiety in the Fc 

^5 re^^on of an antibody provides a means to obtain imnuino- 
conjugates with functional antigen binding activity and a 
hi^ substitution leveL 

An advantage of using the carbohydrate moiety in the Fc 
region as a site-specific attachment site is that antibodies of 

20 all subtypes typically contain a glycosylated Fc region. In 
general, antibody molecules are glycosylated in their Fc 
regions at diaracteristic positions according to their isotype. 
For example, carbohydrate is typically present at amino acid 
297 in tiie Cjy2 domain in the Fc region of IgG molecules. 

25 Conjugating a diagnostic or then^utic principle to the 
carbohydrate group at this position, whidi is far away from 
the antigen binding site, should produce a minimal effect on 
the inuBunoreactivity of the resultant imnumoconjugate, as 
demonstrated by Shih et al. 

30 However, a disadvantage of using the carbohydrate moi- 
ety in the Fc region as an attadunent site is that the entire 
antibody is required for die immunoconjugate. The use of 
antibody fragments, particulariy Fab, Fdb* and F(ab*)2 pro- 
vide an advantage over the use of an entire antibody because 

35 sudi fragments are better able to diffuse out of capillaries 
and into target tissues. For example, see Brown, "Clinical 
Use of Monoclonal Antibodies," in BIOTECHNOLOGY 
AND PHARMACY, Pezzuto et al., cds. Chapman & Hall, 
pp.227-249 (1993). Moreover, antibody fragments will 

40 clear from blood and normal tissues more readily than an 
entire antibody. For example, intact murine IgG has a blood 
half-life of s^yproximately 30 hours, while F(dLb% and Fab/ 
Fab* have half-lives of a{^)ioximately 20 hours and 2 hours, 
respectively. Id. Thus, it is advantageous to use antibody 

45 fragments for constructing immunoconjugates. Antibody 
fragments are particularly advantageous in radioimmuno- 
therapy and radioimmunodiagnosis £^)plications in wbkh 
the exposure of normal tissues to radioisotopes must be 
minimized. 

so Antibody variable regions occasionally contain carbohy- 
drate groups which provide potential attachment sites for the 
preparation of immunoconjugates from antibody fragments. 
For example, asparagine-linked carbohydrate accq>tor 
sequences have been identified in approximaXcfy 15-25% of 

55 murine variable regions. Kabat et al. SEQU ENCES OF 
PROTEINS OF IMMUNOLOGICAL INTEREST, 5th ed, 
U.S. Dq)artment of Health and Human Services (1990). In 
the case of the anti-dextran family of antibodies, glycosy- 
lation sites reside in the complementarity-determining 

60 regions (CDRs), particulariy CDR2, of the heavy chain 
variable regions. Id. The presence of Asn-linked carbohy- 
drates in the CDRs of these antibodies appeared to enhance 
antigen binding. Wallick d aL, J. Exp, Med, 168:1099-1109 
(1988); Wright et al, EMBO J, 10:2717-2723 (1991). 

65 However, introduction of additional carbohydrate attach- 
ment sites in CDR2 by site-directed mutagenesis resulted in 
either the enhancement or reduction of affinity for antigen. 
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depending on the position where the gjycosylation site was 
introduced. Wright et al., supra. Thus, the feasibility of 
attaching a diagnostic or therapeutic principle to a carbohy- 
drate moiety in the VH CDR region is uncertain. 

Studies by the present inventors on carbohydrate conju- 5 
gation demonstrated a high conjugation efEdency with the 
IgG antibody, LL2, which is a murine monoclonal antibody 
described by Pawlak-Byczkowska et aL (Cancer Res, 
49:456^-4577 (1989)) and Goldenber^ et al. (7. Clm. OncoL 
9:548 (1991)). Analysis of LL2 conjugates using sodium lo 
dodecyl-sulfate polyaorylamide gel electrophoresis (SDS- 
FAGE) under reducing conditions indicated the existence of 
a glycosylation site in the light diain variable (VL) region of 
the LL2 antibody. After cloning the VL region of LL2, an 
Asn-linked glycosylation site at position 18r-20 of the 15 
framework-l (ERl) sequence of the VL region was found. 

These studies suggested a possible preferential conjuga- 
tion at a carbohydrate moiety within the VL region. Tliis 
une^ected finding may be explained by an in^jroved acces- 
sibility in the VL region. We used site-directed mutagenesis 
to remove the Asn-linked glycosylation site and found tiiat 
the resulting protein exhibited similar immunoreactivity 
con^)arcd with the original antibody. This result is in agree- 
ment with the inventors' computer modeling studies which 
suggested negligible or minimal interaction between the ^ 
li^t chain FRl carbohydrate moiety and the antigen binding 
site. Thus, these studies indicate that conjugation of a 
diagnostic or therapeutic principle to a carbohydrate moiety 
in the FRl sequence of the VL region provides a means to 
obtain immunoconjugates of antibody fi-agments with fimo- 
tional antigen binding activity. 

The present invention provides a method fOT preparing 
novel immunoconjugates con^xrising a diagnostic or thera- 
peutic pdncq>le which is attached to an intact antibody, or 
antigen-binding jfragment thereof, via a caibohydrate moiety 
of the light chain variable region. 

SUMMAFOr OF THE INVENTION 

The present invention is directed to a mutated recombi- 
nant antibody cr antibody fragment having a non-natural ^ 
Asn-gjycosylation site at about position 18 of the light chain 
of said antibody or antibody fragment 

The present invention is also directed to a method for 
prq)aring a glycosylated mutated reconabinant antibody or - 
antibody fragment, conqirising tiie steps of: 

(a) cultuiing transformed host cells which e^qjxess and 
glycosylate a mutated antibody or antibody fragment 
comprising a mutated light chain and a heavy chain, 
said host cells being transformed with an expression 
vector into which is doned a mutated DNA molecule 
encoding a mutated light chain con tainin g a nonnatural 
Asn-glycosyladon site at about amino add position 18; 
and 

(b) recovering expressed and glycosylated mutated anti- 55 
body or antibody fragment from said cultured host 
cells. 

The present invention is fiuther directed to a soluble 
immunoconjugate, comprising: 

(a) a glycosylated antibody fragment, wherein the anti- 60 
body fragment is sdected from the group consisting of 
Fab, Fab*, F(ab)2, and F(ab%, and \^1ierein the antibody 
fragment comprises a light chain variable region and a 
carbohydrate moiety attached at about amino add 
position 18 of tfie light chain variable region; and 65 

(b) an intermediate conjugate, comprising a polymer 
carri^ having at least one free amine group and a 
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plurality of drug, toxin, chelator, boron addend or 
detectable label moleoiles covalently bound to the 
polymer carrier, wherein the intermediate conjugate is 
covalently bound through at least one free amine group 
of the polymer carrier to the carbohydrate moiety of the 
antibody fragment, and wherein the immunoconjugate 
retains the immunoreactivity of the antibody fragment 
In addition, tiie present invention is directed to a soluble 
imnmnoconjugate, comprising: 

(a) a glycosylated antibody fragment, wherein the anti- 
body fragment is sdected from the group consisting of 
Fab, Fab', F(ab)2, and F(ab')2, and wherein the antibody 
fragment conq)rises a light chain variable region and a 
carbohydrate moiety attached at about amino add 
position 18 of the ligjit chain variable region; and 

(b) a non-antibody moiety sdected from the group con- 
sisting of a drug, a toxin, a chelator, a polydhylene 
gly cd, a boron addend and a detectable labd molecde, 
wherein the non-antibody md^ is covalently bound 
to the carbohydrate moiety of the antibody fragment, 
and wherein the immunoconjugate retains the immu- 
noreactivity of the antibody fragment. 

The present invention is further directed to a soluble 
immunoconjugate, comprising: 

(a) a mutated antibody, wherein the mutated antibody 
comprises a light chain variable region and a carbohy- 
drate moiety attached at about amino acid position 18 
of the light chain variable region; and 

(b) a non-antibody moiety seleded from the groq) con- 
sisting of a drug, a toxin, a chelator, a polyethylene 
glycd, a boron addend and a detectable labd molecule, 

wherdn the non-antibody moiety is covalently bound to 
the carbohydrate moiety of the mutated antibody, 
and wherein tiie immunoconjugate retains the immunoreac- 
tivity of the mutated antibody. 

The present invention is also directed to a soluble 
immunoconjugate, con^^rising: 

(a) an antibody coii^>onent, wherein the antibody com- 
ponent is selected from the group consisting of an Fv 
and a single chain antibody, and wherein the antibody 
component comprises a ligjit chain variable region and 
a carbohydrate mdety attached at about amino add 
position 18 of the ligjit chain variable region; and 

(b) an intermediate conjugate, comprising a pdymer 
carrier having at least one free amine grcHip and a 
plurality of drug, toxin, dielator, boron addend or 
detectable labd molecules covalently bound to the 
polymer carrier, 

wherdn the intmnediate conjugate is covalently bound 
dirough at least one free amine group of the polymer 
carrier to the carbohydrate moiety of the antibody 
component, 

and wherein the immimoconjugate retains tiie iimxumoreac- 
tivity of the antibody component 

liie present invention is furthCT directed to a soluble 
immunoconjugate, comprising: 

(a) an antibody conqwnent, wherein the antibody com- 
ponent is sdected from the group consisting of an Fv 
and a single chain antibody, and wherein the antibody 
component comprises a li^t chain variable region and 
a carbohydrate mdety attached at about amino add 
position 18 of the lig^t chain variable region; and 

(b) a non-antibody component selected from the group 
consisting of a drug, a toxin, a chelator, a polyethylene 
glycol, a boron addend and a d^ectable labd molecule. 
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wherdn the non-antibody component is covalently bound Also induded in the present invention arc in^roved 

to the carbohydrate moiety of the antibody component, methods of in vitro immunoassay and in situ detection of 

and wherein the immunoconjugate retams the immunoreac- antigen in histological specimens using the immunoconju- 

tivity of the antibody conqwnent gates of the invention. 

The present invention is also directed to a method for 5 There are also provided suiuble polymer carriers, 

prq>anng an immunoconjugate, comprising tiic steps of: chelates, detectable label molecules, and linking moieties 

(a) introducing an Asn-glycosylation site at about position suitable for use in prq)aiing the inmiunoconjugatcs of the 
18 of the light diain of an antibody by mutating the invention. 

nucleotide sequence of a DNA molecule encoding the „ ^ ^ 

light chain; 10 DETAILED DESCRIPTION 

(b) cloning the mutated DNA molecule into an expression 1- Overview 

vector; This invention is directed to immunoconjugates compris- 

(c) transfonning host cells with the expression vector, and ing an intact antibody, or antigen-binding fragraycnt thereof, 
recovering transformed host cells which express a whidi is covalendy bound to a diagnostic or therq>eutic 
mutated antibody conQirlsing a mutated light diain and principle through a carbohydrate moiety in the light chain 
a heavy chain; variable region of tfie antibody moiety. This invention 

(d) culturing the transformed host cells and recovering the further relates to methods for preparing sudi immunocon- 
mutated antibody from the cultured host cells; jugates. The invention also contemplates the use of such 

(e) preparing an antibody fragment from the recovered inmmnoconjugates for diagnosis and immunotherapy, 
antibody, wherein tiie antibody fragment is selected ^ ^' Definitions 

from the group consisting of Fab, Fab*. F(ab)2, and ^ descrqition that foUows, a number of tcnns are 

F(ab\, and wherein the antibody fragment contains a "^^^ extensively. Definitions are herein provided to 

carbohydrate moiety in the mutated Ught chain of the facilitate understanding of the invention, 

antibody fragment; and Antibody. 

(f) covalently binding an intermediate conjugate to the ^ ^.'^^ ^^'^^""^ "antibody** includes monoclonal 
carbohydratemoiety of thcantibodyfragment, wherein munne, chunenc, or humanized 
theintennediateconjugatecomprisesapolymcrcarrier f"^^'^ ^ ^k^^"^'^?^? ^'^''u^.'^'^l 
having at least one free amine^oup and a plurality of f"?,^^^^ mclude Fab, Fab', F(ab^and 1^^, which 

drug, toxin, chelator, boron addend or deteSable label ^ ^f^?^'^^^??"'f ^"^^ 

molecules covalently bound to the polymer cairiex, ^ also mclude isolatol fiag^ 

whereintheintermediateconjugateiscoviently variable region, Jv fra^nte consistmg of the variable 

through at least one free amine group of the polymer '?Sionsj)f the heavy and hght chams and recombinant 

carrier to the carbohydrate moiety of the antibody ^mgle cham polypeptide moleanesmwhidi 

fragment, and wherein the immunoconjugate retail^ „ ^fl"^!^ a ^^^^"^ "^"^^"^ 

the immunoreactivity of thcantibodyfragment 35 Mutated Antibody. , , . . , 

The Fesent invention is also directed to a metiiod for ^ T^^"" ^ "^^"i ^^jJ^^J 

diagnosing the presence of a disease in a mammal, comr ^ antigen-bmdmg fragment thereof having an Asn-hnkcd 

prising the steps of: gjycosylation site at about ammo aad position 18 m die light 

- : „^ - • - J * . chain, which has been introduced into the light diain by 

. . ^ J * t^T^ 10 i: *i_ L mutatmg die nudeoUde sequence cncodmg a light diam 

drate moie^ attadied at about position 18 of the lijzht - 1 j 1 1. * ^ .r^. x j 

♦u/o^fii urc ♦ t. ' 1 A.^zT include the polymerase chain reaction, site-dirccted 

Cham of the antibody fragment, wherem tiie detectable „,^„„^„«..v JZt ^ *u • - 4U % ^ - 

1 • ♦ *u J L • £^ mutagenesis, and gene synthesis using the polymerase chain 

label is conjugated to die carbohydrate moiety of tiie r^ri^l *u *z t^xta i- 

««wK^,r fir«^^-* „.i • *u *:u J Z * reaction witti synthetic DNA ohgomcrs. 

antibody fragment, and wherem the antibody fracment ^, tm ^ *t 

. Ci "tT^j- * - 1 45 Diagnostic or Ther^uticPrmaple. 

is capable of bmding to an antigen whidi IS associated "r j 1. • j* ^ ^ - . . , . 

with the disease- ^ «wowvi«u,« ^ herein, a diagnostic or tiierq>eutic pnnciple is a 

- . . . . ^ . * . . . , , . molecule or atom whidi is conjugated to an antibody to 

(b) administcrmg a con^wsition compnsmg ^e mimun<v ^ immmioconjugate whidi is useful for diagnosis 
wnjugate and a pharmaceuticaUy acceptable ^^^^^ Examples of diagnostic cr tii^apeutic 
the mammal; and 50 principles include drugs, toxins, chelators, boron 

(c) using m vivo imagmg to detect die presence of tiic compounds, and detectable labels, 
immunoconjugate at disease sites. Immunoconjugate, 

The present invention is ftoher directed to a metiiod fa- used herein, an immunoconjugate is a molecule comr 

treating a disease in a mammal, comprising tiie steps of: prfsing an antibody and a diagnostic or tiicrapaiticprindple. 

(a) preparing an immunoconjugate con^)rising an anti- 55 An immunoconjugate retains the immunoreactivity of tiic 
body fragment having a carbohydrate moiety attached antibody, Lc, tiie antibody moidy has roughly tiie same, or 
at about position 18 of die light diain of tiie antibody only slightiy reduced, ability to bind tiie antigen afta 
fragment and a non-antibody moiety sdected from the conjugation as before conjugation. 

group consisting of a drug, a toxin, a chelator, a boron^ Structural gene. 

addend and a radioisotope, wherein the non-antibody 60 A DNA sequence tiiat is transcribed into messenger RNA 

moiety is covalentiy bound to tiie carbohydrate moiety (mRNA) which is tiien translated into a sequence of amino 

of tiie antibody firagment, and wherein the antibody adds diaracteristic of a specific polypeptide, 

fragment is capable of binding to an antigen which is Promoter. 

assodated with the disease; and A DNA sequence ^di directs the transaction of a 

(b) adininistaing a composition comprising the immuno- 65 structural gene to produce mRNA. Typically, a promoter is 
conjugate and a pharmaceutically acceptable carder to located in the 5* region of a gene, proximal to the start codon 
the m a mmal . of a structural gene, a promoter is an inducible promoter, 
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then the rate of transciiption increases in response to an the most common type of antibody, IgG, the two heavy 

inducing agent In contrast, the rate of transciiption is not chains each have approximately 440 amino adds, while tiie 

regulated by an inducing agent if the promoter is a consti- two light chains each have about 220 amino adds. The 

tutive promoter. carboxyl-teiminal one-half of light chains and die caiboxyl- 

Enhancer. 5 tenninal three-quarters of heavy chains are hi^ily conserved 

A promoter element An enhancer can increase the effi- in amino add sequence among antibodies with different 

dency with whidi a particular gene is transcribed into antigen spedfidties. These conserved regions in the light 

mRNA irrespective of the distance or orientation of the and heavy chains are termed "constant re^ons" and are 

enhance relative to the start site of transcription. designated as and CH, respectively. Hie CH regions 

Con^lementaiy DNA (cDNA). lo determine whetiicr a particular antibody belongs to the 

Complementary DNA is a single-stranded DNA molecule antibody dass TgG, IgA, JgD, IgE, or IgM. The CH regions 

that is formed from an mRNA template by the enzyme within a class of antibodies are homologous but differ 

reverse transcriptase, Ti^ically, a primer con^lementary to significantly from the amino add sequence of the CH 

portions of mRNA is employed for the initiation of reverse regions of other antibody classes. 

transcription. Those skilled in tiie art also use the term 15 Eq contrast, the amino add sequences of the amino- 

"cDNA** to refer to a double-stranded DNA molecule con- taminal one-half of the ligjit diains and the amino- terminal 

sisting of such a single-stranded DNA moleode and its of one-quarter of the heavy chains are highly variable among 

complement antibodies with different antigen spedfidties. Particular 

Expression. regions within these variable segments are 'liypervariable" 

Expression is the process by which a polypq)tide is 20 and have been designated as "complementarity determining 

produced from a structural gene. The process involves regions" (CDRs) because these regions form the antigen 

transcription of the gene into mRNA and the translation of binding site (ABS) that is complementary to the topology of 

sudi mRNA into polypeptide(s). the antigen structure. 

Qoning vector Each heavy diain is associated with a light chain such that 

A DNA molecule, such as a plasmid, cosmid, or 25 the amino-terminal ends of both chains are near each other 

bacteriophage, which has the capability of replicating and comprise an antigen binding site. Rroteolytic deavage 

autonomously in a host cell and which is used to transform can be used to fragment an antibo^ into small, functional 

cells for gene manipulation. Qoning vectors typically con- units. For example, proteolytic cleavage of an IgG molecule 

tain one or a small niunber of restriction endonudease with papain results in the deavage ^ the antibody in the 

recognition sites at whidi fordgn DNA sequences may be 30 hinge peptide of each heavy chain. One product of papain 

inserted in a determinable fashion without loss of an essen- digestion is the carboxyl-terminal one-half of the heavy 

tial biological function of the vector, as well as a mariccr chains which are bound covalently in a "crystallizable 

gene which is suitable for use in the identification and fragment" (Fc). The Fc fragment does not bind antigen. The 

selection of cells transformed with the doning vector other deavage products are identical and consist of an 

Marker genes typically indude genes that provide tetracy- 35 amino-terminal segment of a heavy chain which is assod- 

dine resistance or ampidllin resistance. ated with an entire light chain. These amino-terminal, or 

Expression vector. "antigen binding fragments" (Fab) can bind antigen with an 

A DNA molecule comprising a cloned structural gene affinity similar to that of the intact antibody molecule, 
encoding a foreign protein which provides the expression of The object of the present invention is to covalentiy attach 
the fordgn protein in a recombinant host Typically, the 40 a diagnostic or therapeutic prindple to an Asn-linked car- 
expression of the doned gene is placed undo* the control of bohydrate moiety of the light chain variable region of an 
(Le., operably linked to) certain regulatory sequences such intact antibody, or antigen-binding fragment thereof. Asn- 
as promoter and enhancer sequences. Eromoter sequences linked glycosylation, also referred to as "N-linked 
may be either constitutive or indudble. glycosylation," is a form of glycosylation in which sugar 
Recombinant Host 45 residues are linked through the amide nitrogen of asparagine 
Arecombinant host may be any prokaryotic or eukmyotic residues. Intracellular biosynthesis of Asn-linked oligosac- 
cell which contains either a doning vector or expression charides occurs in both the lumen of the endoplasmic 
vector. This term is also meant to include those prokaryotic reticulum and following transport of the protein to the Golgi 
or eukaryotic cells that have been genetically engineered to apparatus. Asn-linked glycosylation occurs at the glycosy- 
containthedonedgene(s)inthediromosomeorgaiomeof 50 lation sequence: Asn-X-Thi/Ser, where X may be any aniino 
the host cell For examples of suitable hosts, see Samhrook add except proline or aspartic add. Thus, there are 36 
et aL, MOLECULAR CLONING: A LABORATORY possible sequences of tiuree amino adds whidi code for 
MANUAL, Second Edition, Cold Spring Harbor Asn-linked glycosylation. Considering the degeneracy of the 
Laboratory, Cold Spring Harbor, RY. (1989). genetic code, thare are over a tiiousand possible nucleotide 
Methods for Introducing an Asn-glycosylation Site in an 55 sequences whidi encode the glycosylation signal sequences. 
Antibody Ligjht Chain by Mutating the DNA Sequence B. Mutagenesis 

Encoding the Rrotdn The particular nucleotide sequence which is used to 
A. Antibody Structure and Ash-Hnked Glycosylation introduce an Asn-linked glycosylation sequence into posi- 
Antibody molecules are composed of two identical copies tions 1 8-20 will depend upon the naturally-ocoirring nude- 
of heavy chains and light chains, which are covalentiy 60 otide sequence. As described bdow, die introduction of an 
interconnected by disulfide bonds. For a general discussion, Asn-linked glycosylation site into ttie PKAPPA(11)24 pro- 
see Schultz et aL, •'Proteins Jt Structure-Function Rdation- tein can be achieved by an alteration of codon 18 from AGG 
ship of Protein Families," in TEXTBOOK OF BIOCHEM- to AAC Sudi a mutation of the nudeotide sequence can be 
ISTRY WITH CLINICAL CORRELATIONS, 3rd Ed., T. accomplished by methods well-known to tiiose in tiie art 
M. Devlin (ed.), Wiley & Sons, pp. 92-134 (1992); TXimcr 65 For cjcanqjle, an Asn-linked glycosylation site can be 
€i aL, "Antigen Receptor Molecules," in IMMUNOLOGY, introduced at positions lS-20 using oligonudeotide- 
3rd Ed., Roitt et al. (eds.), Mosby, pp. 4.1-4.20 (1993). In directed mutagenesis and a doned antibody light chain. In 
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this procedure, a single-stranded DNA template containing peptide linker. See, for example. Bird et aL, Science 

the antibody light chain sequence is prepared from a dut" 242:423-426 (1988); Ladner et al., U.S. Pat No. 4,946,778; 

ung" strain of E, coU in order to produce a DNA molecule and Pack et al., Bio/Technology 11:1271-1277 (1993). 

containing a small number of uracil residues in place of Generally, Fv fragments and single chain antibodies lack 

thymidine. Sudi a DNA tcn^)late can be obtained by M13 5 a site for attaching certain diagnostic or therapeutic 

cloning or by in vitro transcription using an SP6 promoter. principles, such as radiometals. However, the introduction of 

See, for example, Ausubel et aL (eds.), CURRENT FRO- an Asn-linked glycosylation site into a light chain variable 

TOCOLS IN MOLECULAR BIOLOGY. John Wiley & region of an Fv fragment or single chain antibody provides 

Sons (1987). An oligonucleotide that contains the mutated a carbohydrate moiety for the attachment of a variety of 

sequence is synthesized using well-known me&ods. Id. The lO diagnostic or therq)eutic principles, as described below, 

oligonucleotide is annealed to the single-stranded template, Although Fv fragments and single chain antibodies are 

and T4 DNA polymerase and T4 DNA ligase are used to typically produced by prokaryotic host cdls, eukaryotic host 

produce a double-stranded DNA molecule. Transformation cells are preferred host cells. In particular, insect cells, yeast 

of wild-type (dut* ung"*) coli cells with the double- cells, and mammahan cells are fn-efened eukaryotic hosts, 

stranded DNA molecule provides an efficient recovery of 15 Mammalian cells are the most preferred host cells, 

mutated DNA Although the present invention provides a method for 

Detailed protocols for oligonudeoCide-directed mutagen- introducing an Asn-linked glycosylation site at about amino 

esis and related techniques for mutagenesis of cloned DNA add position 18-20 of the Hght chain variable region, it will 

are well-known. For example, see Ausubel et aL, supra; be understood that the present invention is not so limited. It 

Sambrook et aL, supra. 20 will occur to those of ordinary skill in the art that it is 

Alternatively, an Asn-linked glycosylation site can be possible to introduce glycosylation sites at alternative posi- 
introduced into an antibody light chain using an oligonude- tions of the light chain variable region, or even in the heavy 
otide containing the desired mutation as a primer and DNA chain variable region. Immunoconjugates of the present 
dones of the variable regions for the antibody light chain, or invention can be prepared using intact antibodies, antibody 
by using RNA from cells that produce ^e antibody of 25 fragments, or single chain antibodies wluch contain a car- 
interest as a teiiq>late. Such techniques indude, for example, bohydrate moiety attached at such an alternate glycosylation 
the polymerase chain reaction, as illustrated in Example 1. site as long as titie mutated antibodies or fragments retain 
Also see, Huse, "Combinatorial Antibody Expression antigen-binding activity. Suitable alternative glycosylation 
libraries in Filamentous Phage," in ANTIBODY ENGI- sites can be identified using molecular modeling techniques 
NEERING: A PRACTICAL GUIDE, C Bonebaeck (ed,), 30 that are well-known to those of skill in the art Sec, i<x 
W. a Freeman and Con^y, pp. 103-120 (1992). Site- example, Lesk et al., "Antibody Structure and Structural 
directed mutagenesis can be potformed, for example, using Predictions Useful in Guiding Antibo^ Engineering," in 
the ITIANSFORMER™ Site-Directed Mutagenesis Kit ANTIBODY ENGINEERING: A PRACnCL\L GUIDE, C 
(Qontech; Palo Alto, Calif.) according the manufacturer's Borrebaeck (ed.), W, H. Freeman and C<Hnpany, pp. 1-38 
instructions. 35 (1992); Chcetham, ''Engineering Antibody Affinity" Id, at 

Alternatively, a glycosylation site can be introduced into pp. 39-67. 

an immunoglobulin light diain by synthesizing a li^t chain 4. Methods for Expressing and Isolating the Protein Product 

gene with mutually priming oligonudeotides in which one of a Mutated Antibody DNA Sequence 

of the oligonucleotides contains the desired mutation. Tech- A Methods for Expressing a Mutated Antibody 

niques for the construction of large synthetic genes are well 40 After mutating die nucleotide sequence, mutated DNA is 

known to those in the art. See, for example, Uhlmann, Grene inserted into a cloiung vector for further analysis, such as 

71;29-40 (1988); Wosnick et aL, Gene 60:115-127 (1988); confirmation of the DNAsequence, as illustrated in Example 

Ausubel ^ aL, supra. 1. To express the polypeptide encoded by the mutated DNA 

In summary, an Asn-linked glycosylation site can be sequence, die DNA sequence must be c^)erably linked to 
introduced at about amino add position 18 in the light chain 45 regulatory sequences controlling transcriptional expression 
of any antibody if two requirements are met First, the in an expression vector and then, introduced into either a 
nudeotide sequence surrounding and including the codons prokaryotic or eukaryotic host cell. In addition to transcrip- 
for amino add positions 18-20 of the tight chain of the tional regulatory sequences, such as promoters and 
antibody of interest must be available in order to design a enhancers, expression vectors indude translational regula- 
complementary oligonudeotide containing the desired 50 tory sequences and a marker gene which is suitable for 
mutation. Second, there must be access to dther cloned selection of cells that cany the expression vector, 
antibody DNA or cells that produce the antibody of interest Suitable promoters for expression in a prokaryotic host 
Given these two restrictions, die present invention encom- can be reprcssible, constitutive, or indudble. Suitable pro- 
passes immunoconjugates conqjcising murine, humanized, moters are well-known to those of skill in the art and indude 
cr chimeric antibodies, wherein a diagnostic or ther^utic 55 promoters enable of recognizing the T4, T3, Sp6 and T7 
prindple is attached to the antibody component via a car- polymerases, the P^ and P^ promoters of bac^ieriophage 
bohydrate moiety located at about amino add position 18 of lambda, the trp, recA, heat shock, and lacZ promoters of E, 
the light chain variable re^on. Such antibodies indude coU, the a-amylase and die a^^-spedfic promoters of B, 
intact antibodies and the antigen-binding fragments, Fab, subtilis, the promoters of the bacteriophages of Bacillus, 
Fab*, F(ab)2, and F(ab')2. 60 Streptomyces promoters, the int promoter of bactmophage 

Moreover, the present invention contemplates the produc- lambda, the bla promoter of the ^lactamase gene of 

tion of immunoconjugates comprising Fv fragments or pBR322, and the CAT promoter of die cUoran^enicol 

single chain antibodies. As discussed above, Fv fragments acetyl transferase gene. Prokaryotic promoters are reviewed 

con^ffise a non-covalent association of heavy and light by GHck,/. //id Af^crofeioi. 1 -.277-282 (1987); Watson ctal., 

diain variable regions. In contrast, single-chain antibodies 65 MOLECULAR BIOLOCJY OF THE GENE, 4tii Ed., Ben- 

comprise heavy and light polypeptide diains from the vari- jamin (Dummins ( 1987) ; Ausubd et al., supra, and Sambrook 
able region of a given antibody whidi are connected by a et aL, supra. 
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An espedaUy preferred prokaryotic host is E. colL Pre- Silver, et al., Pwc, Natl Acad. ScL (USA) 81:5951-5955 

fared strains of E, coli include Y1088, Y1089, CSH18, (1984)); and the IgG promoter (Oriandi et al., Pwc, Natl 

ER1451. and ER1647 (see, for example, Brown (Ed), Acad, ScL USA 86:3833-3837 (1989)). 

MOLECULAR BIOLOGY LABEAX, Academic Press Strong regulatory sequences are the most preferred regu- 

(1991)). An alternative preferred host is Bacillus subtilus, 5 latory sequences of the present invention. Examples of sudi 

including such strains as BR151, YB886, MI119, MI120, prefecred regulatory sequences include the SV40 promotcr- 

and B170 (see, for example. Hardy, '•Bacillus Qoning enhancer (Gorman, "High IMdency (jene Transfer into 

Methods," in DNA CLONING: A PRACTICAL Mammalian cdls," in DNA CLONING: A PRACHCAL 

APPROACH, Glover (Ed,), IRL Press (1985)). APPROACH, Volume JL Glover (Ed), IRL Press pp. 

Mediods for xirodudng antibody fragments in KcoZt are lo 143-190 (1985)), the hCMV-MIE promoter-enhancer 

wdl-known to those in the ait See, for example, Husc, (BdbhmgponGtaL,Bio/rechnohgy 10:169-175 (1992)), md 

••Combinatorial Antibody Expression Libraries in Klamen- antibody heavy chain promoter (Oriandi et aL, Proc. Natl 

tous Phage," in ANTIBODY ENGINEERING: A PRACTI- Acad ScL USA 86:3833-3837 (1989)). Also preferred are 

CAL GUIDE, C Borrebaeck (Ed,), W. H. Ereeman and the kappa chain enhancer for tfie expression of the light 

Company, pp. 103-120 (1992); Ward, •'Expression and 15 diain and the ^enhancer (Gillies, •'Design of Expression 

Purification of Antibody Fragments Using Escherichia coli Vectors and Mammalian Cdl Systems Suitable for Engi- 

as a Host," LL at pp. 121-138 (1992). Those skilled in the neered Antibodies," in ANTIBODY ENGINEERING: A 

art also know methods for producing in E. coli Fv fragments, PRACTICAL GUIDE, C Borrebaeck (Ed.), W. IL Brecman 

which consist of variable regions of heavy and light diains. and Company, pp. 139^157 (1992); (Mandi et aL, supra). 

Id. Also, see Whitlow et aL, •^Single-Chain Fv Proteins and 20 The mutated antibody-encoding sequence and an oper- 

their Fusion Proteins," in NEW TECHNIQUES IN ANTI- ably linked promoter may be introduced into eukaryotic 

BODY GENERAnON, Methods 2(2) (1991). cells as a non-replicating DNA molecule, which may cither 

Moreover, e^ession systems for cloning antibodies in be a linear moleoile or, more preferably, a closed covalent 

prokaryotic cells arc commercially available. Fca: example, circular molecule. Since such moleailes are iacapablc of 

the IMMUNO ZAP™ Qoning and Expression System 25 autonomous replication, the expression of the protein may 

(Stratagene Qoning Systems; La JoUa, Calif.) provides ocan: through the transient expression of the introduced 

vectors for the expression of antibody light and heavy chains sequence. Preferably, permanent expression occurs through 

in E, coli, the integration of the introduced sequence into the host 

Since the expression of a mutated DNA sequence in chromosome, 

prokaryotic cells will require subsequent in vitro 30 Preferably, the introduced sequence will be incorporated 

glycosylation, the present invention preferably encompasses into a plasmid or viral vector that is capable of autonomous 

the raprcssion of a mutated DNA sequence in eukaryotic replication in the recipient host Several possible vector 

cells, and especially mammalian, insect, and yeast cells. systems are available for this purpose. One dass of vectors 

Especially preferred eukaryotic hosts are mammalian cells, utilize DNA elements which provide autonomously repli- 

Mammalian cells provide post-translational modifications to 35 eating extra-chromosomal plasmids, dedved from animal 

the doned polypeptide induding proper folding and glyco- viruses such as bovine p^illoma viras, polyoma virus, 

sylation. For example, sudi mammalian host cells indude adenovirus, ot SV40 virus. A second dass of vectors relies 

COS-7 cells (ATCC CRL 1651), non-secreting myeloma upon the integration of die desired genomic or cDNA 

cells {SP2/0-AG14; ATCC CRl. 1581), Chinese hamster sequences into tiie host diromosome. Additional dements 

ovary cells (CHO-Kl; ATCC CCL 61), rat pituitary cdls 40 may also be needed for optimal syn&esis of mRNA. These 

(GHf, ATCC CCL 82), HeLa S3 ceils (ATCC CCL 2.2), and elements may indude spUce signals, as well as transcription 

rat hepatoma cells (H-4-II-E; ATCC CRL 1548). promoters, enhancers, and termination signals- The cDNA 

For a mammalian host, the transcriptional and tcansla- expression vectors incoiporating such elements indude 

tional regulatory signals may be derived from viral sources, those described by Okayama, Moi CeU, Biol 3:280 (1983), 

such as adenovirus, bovine papilloma virus, and simian 45 Samhrook et aL, supra, Ausubd et aL, supra, Bebbington et 

virus. In addition, promoters from mammalian expression aL, supra, Oriandi et aL, supra, and Fouser aL, Bio/ 

products, such as actin, collagen, or myosin, can be Technology 10:1121-1127 (1992); Gillies, supra. Genomic 

employed, Altematively, a prokaryotic promoter (such as the DNA expression vectors whidi iadude intron sequences are 

bacteriophage T3 RNA polymerase promoter) can be described by Oriandi etaL, supra. Also, sec generally, Lemer 

employed, wherein the prokaryotic promoter is regulated by 50 et al. (Eds.), NEW TECHNIQUES IN ANTIBODY 

a eukiyotic promoter (for example, see Zhou et aL, Mol GENERATION, Methods 2(2) (1991). 

Cell Biol 10:4529-4537 (1990); Kaufinan et aL, Nucl In order to obtain mammalian cells that express intact 

Acids Res, 19:4485-4490 (1991)). 'rranscrq)tional initiation antibody, the expression vcctOT comprising the mutated 

regulatory signals may be selected whidi allow for repres- antibody light chain can be co-transfected into mammalian 

sion or activation, so that expression of the genes can be 55 cells with an antibody heavy chain expression vector. .See, 

modulated. for exaiiq)le, Oriandi et aL, supra, Altematively, mammaKap 

In general, eukaryotic regulatory regions will include a cells containing a heavy chain expression vector can be 

promoter region sufficient to direct the initiation of RNA transfccted with an expression vector comprising, the 

synthesis. Such eukaryotic promoters include the promoter mutated antibody light chain, and mammalian cells contain- 

of the mouse metallothionein I gene (Hamer et al., J, Mol 60 ing an expression vector compising a mutated light diain 

Appl Gen, 1:273-288 (1982)); the TK promoter of Herpes can be transfected with a heavy chain expression vector, 

virus (McKnight, CeU 31:355-365 (1982)); the SV40 early Moreover, mammalian cells can be transfected with a single 

jffomoter (Benoist et aL, Nature (London) 290:304-310 expression vertor con^dsing DNA firagments that encode 

(1981)); the Rous sarcoma virus promoter (Gorman et aL, the mutated antibody light chain, as well as DNA firagments 

supra); the cytomegalovirus promoter (Foecidngetal.,Ge/ie 65 that encode antibody heavy diain. See, for example. Gillies, 

45:101 (1980)); the yeast gal4 gene promoter (Johnston, et supra; Bebbington et al., supra. Any of these approaches will 

al., Proc, Natl Acad ScL (USA) 79:6971-€975 (1982); produce transfected cdls that express whole antibody mol- 
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ecules wfaidi have the mutated antibody light chain. Stan- involves reacting an antibody con^nent having an oxidized 
dard transfection techniques are well known in the art See, carbohydrate portion widi a carrier polymer that has at least 
for exan^de, Samfarook et al., supra; Ausubd et al., supra. one free amine function and that is loaded with a plurality of 
B. Methods for Isolating a Mutated Antibody from Trans- drug, toxin, chelator, or boron addends, or widi detectable 
fected Cells S labels. This reaction results in an initial Scfaiff base (imine) 

Transfected cells that carry the expression vector are linkage, which can be stabilized by reduction to a secondary 
selected using the appropriate drug. For example, G418 can amine to form the final conjugate, 
be used to select transfected cells carrying an expression The carrier polymer is preferably an aminodcxtran or 
vector having the aminoglycoside f^osphotransferase gene. polypq>tide of at least 50 amino acid residues, although 
Southern et aL, /. MoL AppL Geru 1:327-341 (1982). lO other substantially equivalent polymer cairiers can also be 
Alternatively, hygromycin-B can be used to select trans- used. Preferably, the final imnumoconjugate is soluble in an 
fected cells carrying an expression vector having the aqueous solution, such as mammalian scnm:!, for ease of 
hygromycin-B-phosphotransferase gene. Palmer et aL, Prvc, administration and effective targeting for use in diagnosis or 
Natl Acad ScL USA 84:1055-1059 (1987). Alternatively, ther25>y. Thus, solubilizing functions on the carrier pdymer 
aminoptedn and myccphenolic add can be used to select is will enhance the serum solubility of the final immunocon- 
transfected cells carrying an e^ession vector having die jugate. Solubilizing functions also are inqxirtant for use of 
xanthine-guanine phosphoribosyltransferase gene. Mulligan immunoconjugates for in vitro immunoassay and in situ 
et al, Proc. Natl Acad. ScL USA 782072-2076 (1981). detection, as described below. In particular, an aminodcxtran 

'Hansfected cells Uiat produce die mutated antibody can will be preferred, 
be identified using a variety of methods. For example, any 20 The process for preparing an inmiunoconjugate with an 
immunodetection assay can be used to identify such **trans- aminodcxtran carrier typically begins with a dextran 
fectomas.** Exan^>le 1 provides an illustration of the use of polymer, advantageously a dextran of average molecular 
an enzyme-linked immunosorbent assay (ELK A) for such a weight of about 10,000-100,000. The dextran is reacted with 
purpose. an oxidizing agent to effect a controlled oxidation of a 

After transfectomas have been identified, the cells are 25 portion of its carbdiydrate rings to generate aldehyde 
cultured and antibodies are isolated from culture supema- groups. The oxidation is conveniently effected with glyco- 
tants. Isolation techniques include afBnity chromatography lytic chemical reagents such as NaI04, according to con- 
with Protein-A Sepharose (for intact antibodies), size- ventional procedures. 

exclusion chromatography, and ion-exdiange chromatogra- The oxidized dextran is then reacted with a polyamine, 
phy. For example, see Coligan di aL (eds.), CURRENT 30 preferably a diamine, and naore preferably, a mono- ot 
PROTOCOLS IN IMMUNOLCXjY, John Wiley & Sons polyhydroxy diamine. Suitable amines include eth^ene 
(1991), for detailed protocols. diamine, propylene diamine, or other like polymcthyiene 

5. Methods for lYeparing Immunoconjugates diamines, di^ylene triamine or like polyamines, 13- 

A. Preparation of Antibody Fragments diamino-2-hydroxypropanc, or other like hydroxylated 

The present invention contemplates the preparation of 3S diamines orpolyainines, and the like. An excess of the aznine 
immunoconjugates from intact mutated antibodies or from relative to the aldehyde groups of the dextran is used to 
antigen-binding antibody fragments. Antibody fragments insure substantially complete conversion of the aldehyde 
can be obtained from transfectomas, by proteolytic cleavage functions to Scfaiff base groups. 

of intact mutant antibodies produced by transfe<^mas, or by A reducing agent, sudi as NABH4, NaBHjCN ot the like, 
proteolytic cleavage of intact antibodies that have naturally- 40 is used to effect reductive stabilization of the resultant Schiff 
occurring Asn-linked glycosylation sites at position 18-20 base intermediate. The resultant adduct can be purified by 
of the light chain. passage through a conventional sizing column to remove 

Antibody fragments can be obtained direcdy from trans- cross-linked dextrans. 
fectomas by transfecting cells with a heavy diain structural Other conventional methods of dcrivatizing a dextran to 
gene that has been mutated. For example, transfect<uiias 45 introduce amine functions can also be used, e.g., reaction 
should produce Fab fragments if a stop codon was inserted with cyanogen bromide, followed by reaction widi a 
following the sequence of the CHI domain. Alternatively, diamine. 

transfectomas should produce Fab' or F(ab')2 fragments if a The aminodcxtran is then reacted with a derivative of die 
stop codon was inserted after the sequence encoding the particular drug, toxin, chelator, boron addend, or label to be 
hinge region of the heavy chain. 50 loaded, in an activated form, preferably, a carboxyl- 

Altemattvdy, antibody fragments can be prepared from activated derivative, prepared by conventional means, e.g., 
intact antibodies using wcU-known proteolytic techniques. using dicyclohexylcarbodiimidc (DCQ or a water soluble 
For example, see, Coligan et aL, supra. As an illustration, variant thereof, to form an intermediate adduct 
Example 2 provides a method to obtain Fab fragments using Alternatively, polypq)tide toxins such as p(^weed anti- 
papain. Moreover, F(ab% fragments can be obtained using 55 viralproteinorridnA-diain, and die like, can be coupled to 
pepsin digestion of intact antibodies. Divalent fragments can aminodcxtran by glutaraldehyde condensation or by reaction 
be deaved to monovalent fragments using conventional of activated carboxyl groups on the protein with amines on 
disulfide bond reducing agents, e.g., cysteine, dithiothreitol the aminodcxtran. 

(DTT), and the like. Chelators for radiometals or magnetic resonance enhanc- 

B. Methods of Conjugation 60 ers are well-known in the art. Typical are derivatives of 

(i) Indirect conjugation 1,4,7,10-tetraazacyclododecanetetraacetic add (DOTA), 

Immunoconjugates can be prepared by indirectly conju- ethylenediaminetetraacetic add (EDTA), and diethylenetri- 
gating a diagnostic or therapeutic principle to an intact aminepentaacetic add (GTPA). These chelators typically 
antibody, or antigen-binding fragment thereof. Such tech- have groups on the side chain by whidi die chdator can be 
mquesaredcscribedinShihctaL,/nt J.02iK:cr41;832-839 65 attached to a carrier. Such groups include, e.g., 
(1988); Shih et al., Int J. Cancer 46:1101-1106 (1990); and benzylisothiocyanate, by which the DOTA, DTPA or EDTA 
Shih et aL, U.S. Pat No. 5,057313. The general method can be coupled to the amine group of a carrier. Altcmativcly, 
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caiboxyl groups or amine groups on a chelator can be pcutic principle is adjusted such that loaded dendrimer and 

coupled to a carrier by activation or prior derivatization and polypeptide carriers preferably have free amine residues 

then coupling, all by well-known means. remaining for condensation with tiie oxidized carbohydrate 

Labels such as enzymes, fluorescent compounds, electron portion of an antibody conqwnent. Carboxyls on the 

transfer agents, and the like can be linked to a carrier by 5 polypq)tide earner can, if necessary, be converted to amines 

conventional methods well known to the art These labeled by, e.g., activation with DCC and reaction with an excess of 

carriers and the immunoconjugates prepared from them can a diamine. 

be used for in vitro immunoassays and for in situ detection. The final immunpconjugate is purified using conventional 

as described below, techniqueSj such as size-exclusion chromatography on 

Boron addends, such as carboranes, can be attached to lo Sephacryl S-300 or similar matrices, 

antibody components by conventional methods. For Indirect conjugation to an antibody fragment is illustrated 

example, carboranes can be prepared with carboxyl fimc- in Example 4. 

tions on pendant side diains, as is well known in the art (ii) I>irect conjugation 

Attachment of such carboranes to a carrier, e.g., Alternatively, immunoconjugates can be prepared by 

aminodextran, can be achieved by activation of the carboxyl 15 directiy conjugating an antibody component with a diagnos- 

groups of the carboranes and condensation with amines on tic or therapeutic principle. The general procedure is analo- 

&e carrier to produce an intermediate conjugate. Such gous to the indirect method of conjugation except that a 

intermediate conjugates are then attached to antibody com- diagnostic or therapeutic principle is directly attached to an . 

ponents to produce therapeutically useful oxidized antibody con^)onent The direct conjugation of 

immunoconjugates, as described below. 20 chdators to an antibody fragment is illustrated in Example 

As an alternative to aminodextran, a polyamidoamine 3. A particular advantage of prcpanng imnranoconjugates 

dendrimer may be used as a carrier polymer. Dendrimer via coupling to the oxidized light chain carbohydrate is that 

molecules of a suitable type can be prepared, for example, the oxidation reaction provides multiple sites for attachment 

by the method of Tomalia et aL, Angew. Chenu Int Ed, EngL of diagnostic ot therapeutic principles. Since the light chain 

29:138-175 (1990). Dendrimers prepared by this m^od 25 carbohydrate moiety does not impinge on the antigen bind- 

exhibit uniform size, shape and charge, and carry a known ing site, this method therefore provides a means of directly 

number of primary amine groups on the surface of the attaching multqjle diagnostic or therapeutic principles to an 

molecule, all of whidi may be used for conjugation pur- antibody fragment, without the use of a polymeric carrier, to 

poses. Polyamidoamine dendrimers also bear tertiary amine increase antibody loading capacity. This is advantageous in 

groups which will be protonated in aqueous solution at 30 circumstances where the presence of a charged intermediate 

physiological pH, conferring aqueous solubility on the car- carrio* molecule is associated with unfavorable jrfiarmaco- 

rier molecule. kinetics of the inmuinoconjugate. 

A polypeptide carrier can be also used iostead of amino- It will be ^)preciated that other diagnostic or ther^eutic 

dextran or a polyamidoamine dendrimiCT, but the polypeptide principles can be substituted for the chelators described 

carrier must have at least 50 amino acid residues in the 35 below. Those of skill in the art will be able to devise 

chain, preferably 100-5000 amino acid residues. At least conjugation schemes without undue experimentation, 

some of the amino acids should be lysine residues or In addition, those of skill in the art will recognize numer- 

glutamate or aspartate residues. The pendant amines of ous possible variations of the conjugation metiiods. In one 

lysine residues and pedant carboxylates of glutamine and exan^le, the carbohydrate moiety can be used to attadi 

aspartate are convenient for attaching a drug, toxin, chelator, 40 polyethyleneglycol (PEG) in order to alter the jdiarmacoki- 

OT boron addend. Examples of suitable polypeptide carriers netic properties of an intact antibody, or antigen-binding 

include polylysine, polyglutamic add, polyaspartic add, fragment tiiereof, in blood, lymph, or other extraceUular 

copolymers thereof, and mixed polymers of these amino fluids. This is particularly advantageous fcr the use of 

adds and others, e.g., serines, to confer desirable solubility antibody firagraents labded with radiom^als, and in particu- 

properties on the resultant loaded carrier and inununocon- 45 lar ^*Tc, in radioimmunodiagnosis (RAID), 

j^^gate. »"»rc is a particularly attractive radioisotope for thesa- 

Conjugation of the intermediate conjugate with the anti- peutic and diagnostic applications, as it is readily available 

body component is efifected by oxidizing the carbohydrate to all nuclear medicine departments, is inexpensive, gives 

portion of the antibody component and reacting the resulting mim'mfll patient radiation doses, and has ideal nudear imag- 

aldehyde (and ketone) carbonyls with amine groups remain- 50 ing properties. It has a half-life of six hours which means 

ing on the carrier after loading with a drug, toxin, didator, that rapid targeting of a technetium-labded antibody is 

boron addend, or label Alternatively, an intermediate con- desirable. Consequentiy, antibody firagments such as F(ab')2 

jugate can be attached to an oxidized antibody component and F(ab)2, and especially Fab and Fab*, which show more 

via amine groups that have been introduced in the interme- rapid targeting Idnetics than whole immunoglobulin, are 

diate conjugate after loading with the diagnostic or tiiera- 55 preferred for RAID applications with Tc-99m labeling. A 

peutic prindple. Oxidation is convenienfly efifected dther major drawback to the use of Tc-99m-labded fragments for 

chemically, e.g., with NaI04 or other glycolytic reagent, or imaging is the idativdy high uptake and retention of 

enzymatically, e.g., with neuraminidase and galactose oxi- radioactivity in the kidney, which leads to imaging difficul- 

dase. In the case of an aminodextran carrier, not all of the ties in tiie area of this organ. It has been found that 

amines of the aminodextran are typically used for loading a 60 conjugation of PEG to Tc-99m-labded antibody fragments 

diagnostic or therapeutic princq)le. The remaining amines of causes a pronounced decrease in the amount of renal uptake 

aminodextran condense with the oxidized antibody coii^)o- and retention of the fragments. See U.S. patent application 

nent to form Schiff base adducts, which are then reductively Sen No. 08/3093 19, which is herein incorporated by refcx- 

stabilized, normally with a borohydride reducing agent ence in its entirety. 

Analogous procedures are used to produce other immu- 65 To couple PEG to light diain carbohydrate, the carbohy- 

noconjugates according to the invention. The stoichiometry drate moiety can be oxidized with periodate and coupled 

between the carrier molecule and the diagnostic or thera- with a PEG derivative bearing a nudeophilic moiety by 
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mrthods well known in the ait For cxan^le, PEG hydrazide 
(Shearwater Polymers, Inc., Huntsville, Ala.) is mixed with 
the antibody fragment to form a hydiazone. Alternatively a 
PEG-amine can be reacted with the oxidized carbohydrate to 
form a SdiifTs base, which is then reduced by treatment 
with sodium cyanoborohydride to form a stable secondary 
amine linkage. Conjugation of PEG to a Fab antibody 
fragment is illustrated in Exanq)le 8. 

In a prefenred embodiment, once the antibody fragment 
has been conjugated to PEG it can be treated with a reducing 
agent under controlled conditions to produce free thiol 
groups whidi allow direct labeling of tiie fragment with 
Tc-99nL Methods for the controlled reduction of antibody 
fragments are well known to those of ordinary skill in the art 
See, for example, U.S. Pat No. 5,128,119 which is hereby 
incorporated by reference in its entirety. In another preferred 
embodiment free thiol groups can be generated on the 
FEG-oonjugated antibody fragment in a non-site spediic 
naanner by reaction with a thiolating agent such as Traut's 
reagent, or as descdbed in U.S. patent application Ser. No. 
08/253,772, followed by direct labeling with Tc-99nL 

In another embodiment, amine-terminating bifunctional 
dielating reagents (BFQ are linked to the oxidized light 
chain carbohydrate of the antibody or antibody fragment 
These bifunctional reagents contain pendant thiol and amine 25 
groups which are suitably disposed to tightly bind radioac- 
tive m^ such as ^^e, ^®*Ag, "^Ag, and *^Cu. Conju- 
gation of the BFC to the antibody is adueved through amine 
or hydrazine functions on the BFC, which can respectively 
fcHm imine or hydrazone linkages to the aldehyde functions 
on the oxidized carbohydrate. Imine linkages can be stabi- 
lized by reduction with a reducing agent such as sodium 
cyanoborohydride. During the conjugation step the thiol 
group of die chelator moiety is masked as a thiol ester or 
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hi general structure la, X is CH, or X and Z taken together 
can be CO; Y is CR4R5, CH^CR^Rs or (CH^^CR^R^ where 
R4 and are the same or different and are selected from the 
group consisting of hydrogen and alkyl, substituted alkyl, 
aryl or substituted aryl groups; Z can be any group capable 
of reacting and/or conq)lexing with the oxidized carbohy- 
drate groups on the protein, or Z can be H; is a thiol 
protecting group whidi can be removed under conditions 
whidi do not significantly diminish the immunoreactivity of 
the protein; R^ and R3 can be the same or different and eadi 
represent an acyl groq) (x a substituted acyl group, or 
hydrogen, alkyl, aryl, substituted alkyl, or substituted aryl, 
where die substituents on the alkyl or aryl groups are 
metal-ligating groups selected from the group consisting of 
sul&ydryl, amine and carboxylic add or their protected 
derivatives; R2 and R3 also can be any group capable of 
reacting and/or complexing with the oxidized carbohydrate 
groups on the protein. 

In formula (H) D is H or CHsSR^; £ can be any group 
capable of reacting and/cs* complexing with die oxidized 
carbdiydrate groins on the protein; R^ is a thiol protecting 
group which can be removed under conditions which do not 
significantly diminish the immunoreactivity of the protein, 
and mis 0, 1, 2, or 3. 

In formula (m) Q can be any group c^ble of reacting 
and/or coixq>lexing with the oxidized carbohydrate groups 
on the protein; R^ is a thiol protecting group which can be 
removed under conditions which do not significantly dimin- 



disulfide, and is dcprotected after the preparation of the 35 ish the immunoreactivity of the protein; and each n inde- 
conjugate. pendently is 2 or 3. 

The BFCs can be described by the general structures la, 
lb, and Ic: 

Representative examples of la, lb, and Ic are shown 



I 



Y-SRi 



(la) 40 



R3 




(lb) 



45 



below. In some of these, the antibody-binding group is 
shown as, but not limited to, a hydrazide. Only the thiol- 
protected versions of the structures are shown (with 'R' 
being acyl, benzoyl or 2-thiopyridyl), although metal- 
complexation will involve thiol-deprotected conjugates. The 
synthesis of the BFCs can be achieved by methods diat are 
well known in the art Representative syntheses of some 
BFCs and methods of conjugation are shown in Exanq)les 
9-14. 



50 
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Hie thiol protecting group used in the BFC can be any 30 
csganic or inorganic group whidi is readily removed under 
mild conditions to regenerate the free sulfhydryl in tfie 
presence of the protein without substantially altering the 
activity of tiie protein. Examples of suitable protecting 
groups include thiol esters, thiocarbamates and disulfides. Li 35 
a prefored embodiment the thiol protecting group is a 
benzoate thiocster. Those skilled in the art are familiar with 
tiie procedures of protecting and deprotecting thiol groups. 
F6r example, benzoate thioesteris may be deprotected under 
mild and selective conditions using hydroxylamine. 40 
However, when the amine is a hydrazide, the thiol group is 
most preferably protected as a disulfide, for example with 
the function as a 2-pyiidylthio group. 

In another embodiment of the invention, the oxidized 
carbohydrate can be used to conjugate groups for pietarget- 45 
ing of the antibody. The pretargeting of monoclonal anti- 
bodies is useM for "decoupling** the antilxxfy targeting step 
and the radiodiagnostic/radiotherapeutLC delivery step in 
antibody-based agents. By reducing the amount of radioiso- 
tope in circulation, while maintaining a faigji uptake of so 
antibody at its targd^ a reduction in radiation dose to blood 
and blood-fonning tissues, and higher targetrnon-target 
ratios of radioisotope are possible. Topical exan^les of the 
pr^argeting approach are: the use of antibody-avidin (or 
antibody-streptavidin) conjugates in a prelocalization step, 55 
followed by delivery of an isotope conjugated to a biotin 
moiety; the use of antibody-biotin conjugates in a prelocal- 
ization step followed by delivery of an isotope conjugated to 
an avidin (or strq)tavidin) moiety; or the use of antibody- 
biotin conjugates in a prelocalization step followed by 60 
delivery of an avidin (streptavidin) moiety and subsequent 
delivery of an isotope conjugated to a biotin moiety. Other 
pairs of agents which may find similar use as secondary 
targeting vectors are, for example: two complimentary 
sequences of single-stranded nudeic adds; an enzyme 65 
together with its specific substrate; or a protein togetho: with 
its specific ligand, such as intrinsic factor and vitamin Bi2- 



Additional targ^g steps are also feasible and the use of 
mcH'e than one radiolabeled species are also possible as 
described in U.S. patent application Ser. No. 08/051,144, 
issued as U.S. Pat No, 5,482,698, which is herein incorpo- 
rated by reference in its entirety. Other approaches to 
achieving a higher amount of therapeutic at the antibody 
target site include the incoiporation of, for example, an 
antibody-biotin(avidin)^^oisotope conjugate as a later- 
step isotope delivery vehicle, directed to a target pretargeted 
with antibody-avidin(biotin). In this example the antibody- 
biotin(avidin)-radioisotope conjugate has two sites, i.e. anti- 
gen and avidin(biotin), "widdx can be targeted. See, for 
exan^Jle, U.S. patent application Ser. No. 08/409,960 which 
is hereby iiicorporated by reference in its entirety. 

The presence of light-dmin carbohydrate on antibody 
fragments allows for site-specificity of conjugation of suit- 
able pretargeting reagents to antibotty fragments sudi as 
F(ab')2. Additionally, in the case of Fab' fragments bearing 
free thiol groups the presence of both the carbohydrate and 
thiol functions aUows site-specific conjugation of two dif- 
ferent moieties, each of which can have distinct chemical 
properties. 

Examples of schemes for preparing pretargeting conju- 
gates (italicized) are shown below: 
(Avidin-thiol) plus (maleimide-L-hydrazide) forms 

(Avidin-Lr-hydrazide) 
2(Avidin-L-hydrazide) plus (CHO-FaV-S-S-Fab*-CHO) 

fOTms (Avidin)2-F(ab*)2 
(Avidin)2-F(ab*)2 reduced with 2-mercaptoefiianol forms 

2XAvidin-fab*-SH 
Avidin plus (sucdnimide-I^maleimide) forms (avidin-L- 

maleimide) 

(Avidin-L-maleimide) plus (Avidin-Fab*-SH) forms 
(AvidinVfab* 

(Avidin-CHO) plus (hydrazide-L-hydrazide) forms 

(Avidin-L-hydrazide) 
2(Avidin-I^hydrazide) plus (CHO-Fab'-S^-Fab'-CHO) 

forms (Avidin)2-F(ab*)2 ' 
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(Avidin)2-F(ab*)2 reduced with 2-iiiercaptoetfaanol forms respectively. The preparation and conjugation of a thiocar- 
2(Avidm-f ab'^H) bazide derivative of DTPA is demonstrated in Example 15. 

Avidin-Fab'-SH plus (Avidin-maleimide) forms (Avidin) Alternatively, base-deavable linkers, which have been 
2-fab' used for the enhanced clearance of bifunctional chclate-^- 

n(Biotin-Lrhydrazide) plus (CHO-Fab-S-S-Fab'-CHO) 5 Tc-labeled fragments from the kidneys, can be used. See, for 
forais (BiotinVf(ab*)2 example, Weber et al. Bioconjug. Chem. 1:431 (1990). The 

where n is an integer, usually from 1 to about 30; L coupling of a bifunctional chelate to light-chain caibohy- 
designates a linker, hydrocarbon, alkyl, acyl or a combina- drate via a hydrazide linkage can incorporate base-sensitive 
tion which separates two distinct reactive functionalities, ester moieties in a linker spacer arm. Such an ester- 
and which encompasses commercially available protein lO containing linker unit is exemplified by ethylene glycolbis 
cross-linking agents. Streptavidin may be used in place of (sucdnimidyl succinate), (EGS, av^able from Pierce 
avidin in the exanq)les described above. Carbohydrate moi- Chemical Co., Rockford, 111.), whidi has two terminal 
eties can be oxidized to produce aldehydes and disulfide N-hydroxysucdnimide (NHS) ester derivatives of two 1,4- 
bonds reduced to generate free thiols, when indicated, using dibutyric add units, each of which are linked to a single 
standard reagents such as sodium periodatc and 15 ethylene glycol moiety by two alkyl esters. One NHS ester 
2-mercaptoethanol, respectivdy. Thiol groups may be intro- may be replaced with a suitable amine-containing BFC (for 
duced onto avidin by use of known thiolating agents such as exan^le 2-aminobenzyl DTPA), while the other NHS ester 
2-iminothiolane. Free thiol groups on the avidin is reacted with a limiting amount of hydrazine. The resulting 
(streptavidin>-Fab' conjugates optionally may be blocked, hyrazide is used for coupling to the light-chain carbohydrate 
for instance with iodoacetamide, prior to their use. 20 of an antibody or antibody fragment, forming an antibcxty- 
Altemativdy, the free thiol group may be used as a reactive BFC linkage containing two alkyl ester functions. Such a 
group for further modification, f oo: example by radiolabeling conjugate is stable at physiological pH, but readily cleaved 
wilh Tc-99ni, or by conjugation with an agent such as a at basic pH. 

poly(ethylene glycol) (PEG) derivative activated via a male- In another embodiment of the invention, it is possible to 
imide reaction for subsequent coi^Hng to free thiol groups. 25 construct a "divalent immunoconjugate** by attaching a 
The F(ab')2-based streptavidin/avidin conjugates retain diagnostic or therapeutic prindple to a carbohydrate nK>iety 
two non-sterically con^iromised antigen-binding sites and and to a free sulfhydryl group. Sudi a free sulfhydiyl group 
all d^t biotin-binding sites, and monovalent Fab* units may be located in the hinge region of the antibody coni^x>- 
cairy one or two streptavidin/avidin units per Fab' with fiill nent 

retention of biotin-binding ability. Use of the carbohydrate 30 6. Use of Immunoconjugates for Diagnosis and Therapy 
means that several biotin units can be coupled to each A. Uise of Lmnunoconjugates for EHagnosis 
fragment molecule via the oxidized caibc^ydrate without The method of diagnostic imaging with radiolabeled 
interfering with tiie fragment's antigen-binding capability. monodonal antibodies is well known. See, for example, 

In another embodiment of the invention, conjugation to Srivastava (ed.), RADIOLABELED MONOCLONAL 
light-chain carbohydrate residues tiiat are distant from the 35 ANTTOODIES FOR IMAGING AND THERAPY, Plenum 
antigen binding site ensures that interference of binding of Press (1988); Chase, "Medical Applications of 
a subscquentiy-administered clearing second antibody will Radioisotopes," in REMINGTON'S PHARMACEUTICAL 
not take place if the second antibody is an antiidiotypic SCIENCES, 18th Edition, Gennaro et aL (eds.) Mack Pub- 
antibody. In this instance, the second antibody will bind to llshing Co., pp. 624-652 (1990); and Brown, "Clinical Use 
the circulating antibody through its antigen binding site, and 40 of Monoclonal Antibodies," in BIOTECHNOLOGY AND 
the targeting antibody will dear via the liver. Use of this PHARMACY, Pezzuto et aL (eds.), Ch^man & Hall, pp. 
system has the advantage that none of the targeting anti- 227-249 (1993). This technique, also known as 
body's secondary sites (e.g. avidins or biotins) are blocked immunosdntigraphy, uses a gamma camera to detect the 
during the clearing step, location of gamma-emitting radioisotopes conjugated to 

In another embodiment of the invention, chelates bearing 45 monodonal antibodies. Diagnostic imaging can be used to 
radioactive nudides can be linked to the oxidized light-chain diagnose cardiovascular disease and infectious disease, 
carbohydrate via metabolizablc linkages. A problem fre- Brown, supra. 

quentiy encountered with the use of antibo<fy fragments in The present invention contemplates the use of inmiuno- 
radiotfaerapeutic and radiodiagnostic s^lications is a poten* conjugates to diagnose cardiovascular disease. For cxan^>lc, 
tially dangerous accumulation of tiie radiolabeled antibody 50 immunoconjugates comprising anti-myosin fragments can 
fra£^nts inthe kidney. When the conjugate is formed using be used for imaging myocardial necrosis associated with 
a add-or base-labile linker, cleavage of the radioactive acute myocardial infarction. Immunoconjugates comprising 
chelate from the antibody can advantageously occur: If the antibody fragments that bind platelets and fibrin can be used 
dielate is of rdativdy low molecular wdgtit, it is not for imaging deq>-vein thrombosis. Moreover, immunocon- 
retaincd in the kidney and is excreted in the urine, tiiereby 55 jugates comprising antibody fragments that bind to activated 
reducing the e;q>osure the kidney to radioactivity. platd^ can be used for imaging atherosderotic [daque. 

Low molecular wd^t chelates suitable fo£ this applica- Immunoconjugates of the present invention also can be 
tion include, for example, the bifunctional chelates used in the diagnosis of infectious diseases. For example, 
described above, and DOTAor DTPA-type diclates. Each of immunoconjugates comprising antibody fragments that bind 
these molecules can be modified, by standard methods 60 specific bacterial antigens can be used to localise abscesses, 
known in the art, to provide reactive functional groups In addition, immunoconjugates comprising antibody frag- 
whidi can form add-labile linkages with carbonyl groups on ments that bind granulocytes and inflammatory leukocytes 
the oxidized carbohydrate of the antibody fragment. can be used to localize sites of bacterial infection. 
Exanq)les of suitable add-labile linkages indude hydrazone Numerous studies have evaluated the use of monoclonal 
and thiosemicarbazone functions. These are formed by 65 antibodies for scintigraphic detection of cancer. Sec, for 
reacting the oxidized carbohydrate with chelates bearing example, Brown, supra, and references therein. Invcstiga- 
hydraridc, thiosemicarbazide, and thiocarbazide functions, tions have covered the major types of solid tumors such as. 
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melanoma, colorectal caxdnoma, ovarian carcinoma, breast In situ detection can be used to detearmine the presence of a 
carcinoma, sarcoma, and lung carcinoma. Thus, the present particular antigen and to determine the distribution of the 
invention contenaplates the detection of cancer using immu- antigen in the examined tissue. General techniques of in situ 
noconjugates comprising antibody fragments that bind detection are well known to those of ordinary skill. See, for 
tumor markers to detect cancer. Exanaples of such tumor 5 example. Ponder, **Cell Marking Techniques and TTieir 
markers include carcinoembryonic antigen, alpha- Application," in MAMMALIAN DEVELOPMENT: A 
fetoprotein, oncogene products, tumor-associated cell sur- PRACTICAL APPROACH, Monk (ed.), IRL Rress, pp. 
face antigens, and necrosis-associated intracellular antigens. 115-138 (1987); Coligan et aL, supra. 

In addition to diagnosis, monoclonal antibody imaging Detectable labels such as enzymes, fluorescent 
can be used to monitor therapeutic responses, detect recur- lO electron transfer agents, and the like can be 

rences of a disease, and guide subsequent dinical decisions. ^f^^^ by conventional methods well known to 

For diagnostic imaging, radioisotopes may be bound to jLtL^'^ ^ — o«>njugates 
antibody fragments either direcfly or ^ecdy by using an f^T^.?^^ them can be used for m vitro immunoassays 

. . J. , rt • . ^ and for m situ detection, much as an antibodv coniueate 

mtcrmedi^ fundUonal^^ Su^terme^ ^ j^^^ds to antibJiy. 

groupsindu(^eDarA,p^^ 15 however, the loading of the immunoconjugatesaccordm^ 

dehv^ to the patient is mamtamed at as low a levd as the present invention with a plurality of labels can incr^e 
possible. This is accomphshed through the choice of isotope the sensitivity of immunoassays ca- histological procedures, 
for the best combination of minimum half-life, mimmum where only a low extent of binding of the antibody, or 
retention in the body, and minimum quantity of isotope antibody fragment, to target antigen is adiieved. 
which will permit detection and accurate measurement 20 B. Use of Immimoconjugates for 'nierq)y 
Examples of radioisotopes which can be bound to antibodies Immunoconjugates can be used to treat viral and bacterial 
and are appropriate for diagnostic imaging indude^c and infectious diseases, cardiovascular disease, autoimmune 

disease, and cancer. Brown, supra. The objective of such 

Studies indicate that antibody fragments, particularly Fab therapy is to deliver cytotoxic doses of radioactivity, toxin, 
and Fab*, provide advantageous tumoi/background ratios. 25 or drug to target cells, while minimizing exposure to non- 
Brown, siipra. Thus, the use of Fab and Fab* antibody target tissues. 

fragments for the preparation of inununoconjugates is a As discussed above, a radioisotope can be attached to an 
preferred embodiment of the invention. However, the reten- intact antibody, or antigen-binding fragment thereof, 
tion of divalency when using a F(ab)2 or a F(ab*)2 targeting directly or indirectly, via a chdating agent For example, 
vector leads to higher absolute amounts of antibo(fy at the 30 *^Cu, considered one of the more p-omising radioisotopes 
target compared to monovalent fragments, and can lead to for radioimmunotherapy due to its 61.5 hour half-life and 
better tergetrnon-target ratios in some tissues. abundant supply of beta partides and gamma rays, can be 

The immunoconjugates useful in the invention also can be conjugated to an antibody conqwnent using the didating 
labeled with paramagnetic ions for purposes of in vivo agent, p-hromoacetamidobenzyl-t^ethylaminetetraacetic 
diagnosis. Elements which are particularly useful for mag- 35 add (TETA). Chase, supra. Altemativdy, which emits 
netic resonance imaging include Gd^',Mn,Dy, and Felons. an energetic beta partide, can be coiqjled to an intact 

In one embodiment of the invention, multiple dielate antibody, or antigen-binding fragmient thereof, using dietfa- 
molecules, sudi as DTPA, are dhecdy conjugated to die ylenetriaminq>entaacetic add (DTPA), or more preferably, 
oxidized light diain carbohydrate of the antibody fragment, tetraazacydododecane tetraacetic add (DOTA) as described 
allowing the chelation of a large number of paramagnetic 40 herein. 

ions without the need for an intermediate caniei: The use of Use of die light diain carbohydrate moiety of an antibody 
some types of intermediate carrier has been observed to have fragment fOT direct conjugation of mult^le molecules of a 
ddeterious effects on the magnetic resonance imaging chelate offers an attractive potential solution to a problem 
results adiieved with metal chelates. See, for example, assodated with die use of DOTA as a chelator for It has 
Wiener, et aL, Magnetic Resonance in Medicine 31:1-8 45 been shown that DOTA is the prefeired didating agent for 
(1994). Direct conjugation of chdates in this w^ dierefore due to the high binding constant and ve^ slow rate of 

eliminates such problems. dissociation of the ^-DOTA conqjdex. See, for example, 

In anodier embodiment of tiie invention, the immunocon- Camera et aL, X NucL Med. 35:882-888 (1994). It is 
jugate uses a polyamidoamine dendrimer as an intermediate difficult, however, to attain high incorporations in *^labd- 
carrier for attachment of a chelating moiety such as DTPA. 50 ling of DOTA immunoconjugates, due to the very slow 
Such dendrimers have been shown to possess several advan- kinetics of metal binding. See, for example, Wu et al., 
tages over other molecules for use as carriers of paramag- Bioorg. Med Chenu Lett. 4:449-454 (1994). Wu et al, supra, 
netic ions for magnetic resonance imaging. See, for recently described the use of a polyamidoamine dendrimer 
example, Wiener, et aL, supra, intermediate to conjugate 10-11 DOTA molecules, via non 

Hie present invention also contemplates the use of immu- 55 site-spedflc methods, to intact antibodies, and showed that 
noconjugates to detect the presence of particular antigens in this increased the rate of coordination to raise the 
vitro. In such immunoassays, the immunoconjugates may be specific activity of the conjugate to acceptable levels. In die 
utilized in liquid phase or bound to a solid-phase carder. For present invention, similarly high numbers of DOTA mol- 
exan^le, an intact antibody, or antigen-biading fragment ecules can be directiy conjugated to the li^t diain carbo- 
thereof, can be attached to a polymer, such as aminodextran, 60 hydrate of antibody fragments, increasing the rate of ^ 
in order to Hnk the antibody component to an insoluble coordination, and allowing the preparation of conjugates of 
support sudi as a polymer-coated bead, plate, or tube. high incorporations without the use of an intermediate 

Altemativdy, the immunoconjugates of the present inven- conjugate. Additionally, on an IgG which bears berth types of 
tion can be used to detect die presence of particular antigens carbohydrate, the light-diain carbohydrate may be used 
in tissue sections prepared from a histological specimen. 65 together with the heavy-chain carbohydrate as a site for 
Such in situ detection can be accomplished by applying a loading haptens, thus allowing for increased hapten-bearing 
detectably-labded immunoconjugate to the tissue sections. capacity of the unmunoconjugate. 
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Altemativdy, dendiimers similar to those used by Wu et The immunoconjugates of tiie present invention can be 

aL can be used as intennediate carders, allowing the con- formulated according to known methods to prepare phar- 

jugation of even greater numbers of DOTA molecules, and maceutically useful conq>ositions, whereby immunoconju- 

the attainment of still higher inccrporations of in immu- gates are combined in a mixture wi& a pharmaceutically 

noconjugates. Wu et aL, using non sitc-spedfic conjugation 5 acceptable earner. A composition is said to be a "phanna- 

m^thods, adiieved only a 1:1 ration of dendrimcr to and- ceutically acceptable earner" if its administration can be 

body. In the present invention &e presence of large number tolerated by a ^ec^)ient patient Sterile phosphate-buffered 

of sugar residues on the li^t chain carbohydrate, all of saline is one example of a pharmaceutically accq)table 

whidi are potential conjugation sites, will allow carcierian- carder. Other suitable carders are well-known to those in the 

tibody ratios of greater than unity. Moreover, since the lO art See, for example, REMINCTON'S PHARMACEUTI- 

carbohydrate does not inD$)inge upon the antigen binding CAL SCIENCES, 18th Ed. (1990). 

site, the immunoreactivity of the immunoconjugate will not Fch* purposes of immuno&eiapy, an inuminoconjugate 

be significantly reduced. and a pharmaceutically acceptable earner are administered 

Alternatively, boron addends, such as carboranes, can be to a patient in a therapeutically effective amount A combi- 

attached to intact antibodies, or antigen-binding fragments 15 nation of an immunoconjugate and a pharmaceutically 

hereof. Carboranes can be prepared wi& carboxyl functions acceptable carder is said to be administered in a **therapeu- 

on pendant side chains, as is well known in the art Attach- tically effective amount" if the amount administered is 

ment of carboranes to a cania:, such as aminodextran, can be physiologically significant An agent is physiologically sig- 

achieved by activation of the carboxyl groups of the carbo- nificant if its presence results in a d^ectable change in the 

ranes and condensation with amines on the carder. The 20 physiology of a recq}ient patient 

hitermediate conjugate is tiien conjugated to the antibody Additional pharmaceutical methods may be en^loyed to 

coniponent After administration of the immunoconjugate, a control the duration of action of an inmumoconjugate in a 

boron addend is activated by thermal neutron irradiation and ther^utic q>plication. Control release prq>arations can be 

converted to radioactive atoms which decay by a-emission prepared toough the use of polymers to con(5)lex or adsort) 

to produce highly toxic, short-range effects. 25 an immunoconjugate. For example, biocompatible polymers 

Moreover, immunoconjugates can be prepared in which include matdces of poly(ethylen6-co-Yinyl acetate) and 

the ther^>eutic princ4)le is a toxin or drug. Useful toxins f ot matrices of a polyanhydride copolymer of a stearic add 

the prq>aration of such immunoconjugates include dcin, dimer and s^acic add. Sherwood et al., Bio/Technology 

abrin, pokeweed antiviral protdn, gelonin, diphthcrin toxin, 10:1446-1449 (1992). The rate of release of an immuno- 

and Pseudomonas endotoxin. Useful chemotherapeutic 30 conjugate firom sudi a matrix depends upon the molecular 

drugs for the prqxaration of immunoconjugates include weigjit of the immunoconjugate, the amount of immuno- 

doxorubicin, daunorubicin, methotrexate, melphalin, conjugate within the matrix, and the size of dispersed 

chlorambucil, vinca alkaloids, 5-fluorouridine, and particles. Saltzman et aL, Biophysical /. 55:163-171 

mitomycin-C. (1989); and Sherwood et aL , supra. Other solid dosage f onus 

C. Administration of Immunoconjugates 35 are described in REMINGTON'S PHARMACEUTICAL 

(jenerally, the dosage of administered immunoconjugate SCIENCES, 18th Ed. (1990). 

will vary depending upon such factors as the padent*s age. Having now generally described the invention, the same 

wdg^t, hei^t sex, general medical condition, and previous will be more readily understood throu^ reference to the 

medical history. Typically, it is desirable to provide the following Examples which are provided by way of 

recipient with a dosage of immunoconjugate which is in tiie 40 illustration, and are not intended to be limiting of the present 

range of from about 1 pg^ to 10 mg/kg (amount of invention, unless specified, 
agent/body weight of patient), although a lower or higher 

dosage may also be administered. For example, many stud- EXAMPLE 1 

ies have demonstrated successful diagnostic imaging with Preparation of Immunoconjugates Using 

dbses of 0.1 to 1.0 miUigram, while other studies have 45 Monoclonal Antilxxiies Which Lack a NaturaUy- 

shown in^xroved localization with doses in excess of 10 occurring Asn-glycosylatlon Site in the FRl Region 

milHgrams. Brown, supra. of the Ught Oiain Variable Domain 

For therapeutic ^^plicadons, about 10-200 miliigrams of 

inmumoconjugate will be administered, normally daily for a W Introduction of an Asn-glycosylation Site by Mutagen- 
pcriod of several days. To reduce patient sensitivity, it may 50 

be necessary to reduce tiie dosage and/or use antibodies An Asn-glycosylation site is introduced at amino add 

from other species and/or use hypoallergenic antibodies, position 18 of the FRl region of the light diain variable 

e.g., hybrid human or primate antibodies. domain of a monoclonal antibody by altering the nucleotide 

Administration of inmuinoconjugates to a patient can be sequence which codes icx amino add residues 18-20. As an 

intravenous, intraarterial, intraperitoneal, intramuscular, 55 illustration, the amino add sequence, ArgigValigScrjo, is 

subcutaneous, intraplwiral, intrathecal, by perfusion through found in the framework-l sequence of the ligjht chain 

a regional catheter, or by direct intralesional injection. When variable region of the murine monoclonal antibody, 

administering immunoconjugates by injection, the adminis- PKAPPA(11)24, which is produced by MPC-11 cells. Rab- 

tration may be by continuous infusion, or by single cr bitts et aL, Can. 7. Biochenu 58:176-187 (1980); Kabat et 

multiple boluses. 60 aL, SEQUENCES OF FROrreiNS OF IMMUNOLOGICAL 

Irmnunoconjugates of boron addend-loaded carrier for INTEREST, U.S. Department of Health and Human Scr- 

thermal neutron activation therapy will normally be effected vices (1983). The Arg residue at position 18 is encoded by 

in similar ways. However, it will be advantageous to wait the sequence AGG. Id. Therefore, the objective • of the 

until non-targeted imanunoconjugate dears before neutron mutagenesis technique is to alter the nudeotide sequence 

irradiation is performed. Such clearance can be accelerated 65 from AGO to AAC, which encodes Asn. 

by tiie use of a second antibody, as is known from, e.g., U.S. The polymerase chain reaction (PGR) technique is used to 

Pat No. 4,624,846. introduce die Asn-glycosylation site following the general 
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procedure of Qrlandi et aL, Proc. Natl Acad. Sci. USA (b) Ihmsfectioii of Mammalian Cells 

863833-3837 (1989). In this jprocedure, total cellular RNA Restriction enzymes are used to excise die DNA fiagment 

is ptepaied from about 5x10* MPC-11 ceUs (ATCC CCL which contains the VK sequence having an Asn- 

167), and mRNA is selected from total RNA on oUgo glycosylation site at position 18 from the staging vecton The 

(dp-ceUulose, using standard prowdiirM. First-strand 5 dNA fragment is then cloned into an appropriate mamma- 

cDNA syndesis is performed usmg the VKIPOR pnmer, expression vector. Such an expression vector should 

a'^? f * ^ prima descrfted by OiismJ ct aL contain the coding sequence of the constant region, an 

A 50 ul reaction mixture contaimns 10 ub of mRNA. 20 • i ^ *^ , , , , 

pnilSvKlFOR^er.250^of eaSSrSTl^^^ immunoglobubn enhancer a kappa enhancer and a dnig 

&thrdtoUOoSms-HaSH8J).10mMM^ ,„ selection marte(e.g., the hygromyon resistance gene). For 

andl40mMKaareincubatedat70»C.forlOminutefand " «^le. Orlandi et aL supra, 

then, cooled. Reverse transcriptase (46 units) is added and . Approxmiatdy 10 Mg of the imaa^d hght cbam «cpes- 

the mixture is incubated at 42» C for one hour. The reaction sion vector contammg the mutated VKreg^on and 20-30 pg 

is terminated by heating the reaction mixture at 90" C for 5 i!"?"/!'*^''*?^ ^"^0' «f « 

minutes. co^ransfected by electroporation mto mammahan cells, 

Alternatively.fiiststrandcDNAissynthesizedfromtotal " TS^.f^^fJ^f^ZZf^^TC^^ 

cellular RNA from MPC-11 cells using the SUPER- 0AG14 non-secretmgmydoimcelk(^rc 

ei-DTOTTM _ 1-c * //^-w ™t>t transfected usmg the techmque of Co et aL, y. /jwiHffjoi 

C^^Z.mT£^^^ 148:1149-1154 (1992), or using simila; techniques 

Ga^eistog,Md) with the AHC^ descn^ed in dther Samhrook et alT supra, or CURR^ 

The VK s^uences are amphfied usmg a 5* pnmer which ^ PROTOCOLS IN MOLECULAR BIOLOGY, Ausubel et 

encodes the first 20 ammo acids of the VKdomain, with the eds„ John WHey & Sons (1989), After transfection, cells 

exception that amino acids 18-20 encode an Asn- ^ g^^^^ microtiter plates in complete Hyhri- 

glycosylation site. In this example, ammo aad residue at ^oma Serum-Ree Medium (GIBCO/BRL) at 37<^ C. in 5% 

position 18 IS encoded by AAC; as (Usc^ed above. PCR earbon dioxide. Two days later, the selection process is 

reason mixtures cont^ 10 pi of Uie fet-sti^d c^^^ ^ ^^^^^ ^ ^^^^^^ containing fee appro- 

^^^.^J^^u}^^. priatesele^ondrug(e.g.hygromydn).Typic^y,coWs 

I'^'^^^wiiki^'^^^ emergetwotothreewe^foLwL.^ 

xill^T^ J!^^?^ ^ jr^f'xf ^ ^ ^ x^?^' ^ transferred to 24-well trays for expkTsion. 

TAQ^ DNA polymerase Hlmcr Cetiis; Norwalt (c) Assay for Antibody-secreting T^ansfec^ Qones 

Cdif.). The imxtiires are overlaid with paraffin ofl and 30 ^n ELBA assay is used tJ select antibody-secreting 

subjected to 30 rounds of temperature cydmg with a pr<^ transfectoma dones. Briefly, supematants from confluent 

n^f^ blodL A tjTpical cyde conaste of: dena- ^ ^^^^ ^ ^^^^ are added in 

tuiation at 940 C for onennnute anne^^ 13 t^pHcate to EUSA microtiter plates whidi have been pre- 

mmutes, and polymerization at 72<^ C for 1.5 mmutes. anti-mouse IgG-spedfic antibody O^c 

The DNA sample is extracted twice witii e&er, once with 35 Binding Site Ltd.; San Diego, Calif.). After incubating flie 

phenol, once witii phenoVdilorof arm and tiien, predpitated microtiter plates for one hour at room tcnq)eratin-e, mibound 

with etiianoL Altematively, tiie DNA san^)le can be purified proteins are removed by washing tiie plates tiiree times witii 

foUowing dectrophoresis tiirough an agarose gd. ^ash buffer (PBS witii 0.05% poiysorbate-20). Bound anti- 

Amplified VK fragments are purified on a 2% agarose gel, bodies are allowed to react witii pcroxidase-conjugated goat 

using standard techniques. The approximatdy 300. base pair 40 anti-mouse IgG-spedfic antibody (HyQone Laboratcries; 

VKfragmcnts are tiien digested with the restriction enzymes Logan, Utah) After washing the plate three times witii wash 

Pvun and Bgin, and ligated into ttie complementary restric- buffer, 100 pi of substrate solution (33 mg^ml of ortiio- 

tion sites of a doning vector. Various doning vectors are phenylenediamine and 0.12% hydrogen peroxide in 0.02M 

commercially available. For example, pGEM™ vectors dtrate buffer (pH 5.0)) are added to each well Colcr is 

(Promega; Madison, Wis.) and ZAP EXPRESS™ vectors 45 allowed to develop in the dark for 30 minutes and the 

(Stratagene Qoning Systems; La JoUa, Calif.) are useful for reaction is stopped by the addition of 50 pi of 4M HCt per 

doning tiie VK fragment Altematively, a vector can be used welL An automated ELISA plate reader (Bio-Tek Ihstru- 

which contains an appropriate iimnunoglobulin promoter nicnt; Winooski, Vt) is used to measure absorbance at 490 

and leader sequence. For example, see Orlandi et aL, supra. nm. 

The ligated DNA is transformed into DH5a competent K 50 Altemativdy, chimeric or humanized mutant antibodies 

coli cdls using a standard caldum chloride metiiod. can be detected by coating EUSAmicrotiter plates witii goat 

To analyze doned DNA, transf ormants are grown over- anti-human Fab or kappa-specific antibody (Jackson Tmmii - 

nigjit at 37** C in SOC (2% Bacto-tryptone, 0.5% Ba<lo- noResearch; West Grove, Fa.), and detecting bound antibody 

yeast extract, lOmM Nad, 2.5 mM KQ, IQmM MgQz, with pcroxidase-conjugated goat anti-human Fc-spedfic 

IQmM MgS04 and 20 mM glucose). The SOC medium 55 antibody (Jackson ImiminoReseardi; West Grove, Pa.), 

contains the appropriate antibiotic to select for the growth of (d) Antibody Purification and Analysis 

bacteria containing the vectors. For exan^jle, the SOC Itansfectomas are grown as 500 ml cultures in serum-free 

medium contains 50 pg/ml ampicillin to sdect for the medium until confluent Cultures are centrifiiged to pellet 

growth of bacteria carrying a pGEM™ vector. Mini-^)lasmid cells and the supematants are filtered through a 0.2 micron 

DNA prq)arations of the colonies are prepared using stan- 60 membrane. Antibodies are isolated by passing supematants 

dard techniques and subjected to restriction digest analysis. through a three milliliter protein A colunm by gravity at a 

DNA from positive colonies are sequenced using the rateof 0.5-1 ml/min. The column is then washed with 20 ml 

dideoxy metiiod of Sanger et aL, Pwc. Natl Acad, ScL USA of PBS and bound antibodies are ehited witii 10 ml of a 

75:5463-5467 (1977). The results of DNA sequence deter- sohition containing O.IM glycine and 10 mM EDTA (pH 

mination are used to confirm that no undesirable mutations 65 3.5). One milliliter solution fractions are collected in tiie 

are introduced by tiie PGR reaction and that tiie mutation(s) presence of 10 pi of 3M Tris (pH 8.6). The presence of 

in the 18-20 region was introduced. antibodies is detected by measuring absorbance at 280 nm 
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and duant fractions exhibiting absoibances above back- (Sigma #16125} to a final concentration of 0.03M. The 

ground are pooled, filtered, dialyzed against FBS and con- mixture is then dialyzed against 1 liter of PBS (pH 8.0) at 4° 

centrated with a Centricon 30 (Amicon; Bevedy, Mass.). C fear 6-12 hours. 

The final concentrations of antibody are determined by Xo remove undigested antibody and Fc fragments, the 

ELISA and antibody concentrations are adjusted to 1 mg/ml 5 mixture is ^lied to a protein A-Sepharose column which 

in PBS containing 0.01% (w/v) sodium azide. has been equilibrated in PBS (pH 8.0). Unbound fi-actions 

Light chain glycosylation is confirmed by electrophoresis are collected in 2 ml aliquots and pooled. After conccntiat- 

of the purified antibodies or antibody fragments on a gra- i^g the pool to a total volume of 5 ml or less, protein is 

dicnt 4-20% SDS-polyacrylamide gel under reducing fractionated by size-exclusion chromatogr^hy and the 

conditions, using standard techniques. For example, see lo results are analyzed by SDS-PAOB. 
CURRENT PROTOCOLS IN IMMUNOLOGY, CoHgan et 

al., eds., John Wiley & Sons (1991). The presence of light EXAMPLE 3 
chain glycosylation is indicated by a higher apparent 

molecular weight and by the presence of multiple light chain Direct Conjugation at ^e Carbohydrate Moiety oi 

bands. 15 the FRl Region of the Light Chain Variable 

(e) Preparation of Conjugates Domain of F(ab*)2 Fragments 

The direct or indirect me&ods can be used to obtain „ 

immunoconjugatcs, as described below. (a) Conjugation of the Murine LUF(ab)j Fragment with 

^ Chelator 

EXAMPLE 2 20 LL2 is a murine monoclonal antibody that has been 

shown to be effective for the diagnosis and treatment of 

IYq)aration of Antibody Fragments non-Hodgkins B-cell lymphoma. Goldenberg et al., 7. C/m. 

17 1. 17 w t;/ K^ X7/ K»N . u.' A ^^^^ 9:548^564 (1991); Murthy et al., Eur 7. NucL Med, 

Fab, Fab, FCab)^, or F(ab), ficagments <^ be obtamed 19394^01 (1992); The LL2 F(Bb*)^ fiagment was conju- 

from transfectomas !^ mutating the heavy c^amst^^ gated with dthcraimnobenzyliyiPA(mPA) or a derivative 

genem^ehea^ cham expression vect^. Fab expression is ^ containing the long-chain linker, ^NH(CH^ 

accomphshed by stop codon foUowing the ^ (LC-mPA). Briefly, LU. F{ab% fragment (2.5 mg) 

sequence of the CHI don^. In contrast, Fab' or F(ab% ^^^^ 1 ml of 50 mM acetat(^buffcred 0.9% saline (ABS; 

«pression is accompkshed by msertmg a stop codon after ^ 5 ^ ^ ^^^^ 

ttie s^uence encodmg the hmge ^on of the heavy cham. ^^etaperiodate (210 jd of a 5.68 mgM solution) at 0° C. for 
Antibody fragments are purified from transfectoma culture ^^^^ ^^^^ ^^^^ 

supernatant by size exclusion chromatography ion- glycol (20 jd) to decompose the unrcacted pcriodate and the 

^change chromatc^ or affimty chromatography as ^^^^^ „^ ^ S j^^^ 

descnbed m Coligan et al., supra. AlternaUvely, a G-50/80 column (Pharmacia; Piscataway, NJ.) equihTnated 

commeraaUy^vailabkpi^^^ usedtopunfy ^ pgg (pH 6.1). The oxidized fragment was then reacted 

fragments SUA as a QuickMAB Column (Sterogen; Santa ^^^^^ jy^p^ ^ LC-IJIPA. After 40 hours at room 

^^^^ Cahf.). temperature, the Scfaiff base was reduced by NaBHjCN. 

Alternatively, antibody fragments can be prepared from Conjugated antibody was purified using a centrifuged size- 
intact antibodies by i»:oteolysis. These techniques are well- exclusion column (Sephadex G-50/80) equilibrated in O.IM 
known to those of skill in the ait For exanq>le, see Coligan ^ ac^e (pH 6.5). Tlie concentratidns of antibody conjugates 
et aL, supra, at pp. 2.8.1-2,8.10. Also see Stanwcrti et al. were determined by measuring absorfoance at 280 nm. 
•ImmuncKhemical/^ ^d R^Wt tom^^ Tlie ratio of chelator molecules per molecule of antibody 

fragment was detcimined by a i^tol-binding assay. The 

S'T^^^ MMUNOIX^^^ ^^33 performed by m^g an aUquot of LL2 F(abV 

^laclaveUSaentificpp lZl-12.^^ 45 didator co^ugate with O.IM ammoniui 

Ttcparanon and f^Hificadon of Active Fmgmento from 2M triethanolamine, and incubating the mixture at room 

Mouse Monoclonal Antibodies," Id at pp. 14.1^14.23. ^ temperature with a known excess of cobalt acetate spiked 

As an exan^lc, preactivated p^ain can be used to prepare ^th ^cobalt acetate. After 30 minutes, EDTA (pH 7) was 

F(ab)2 fragments from IgGl or Fab fragments from IgC32a added to a final concentration of 10 inM. After a further 10 

and IgG2b, as follows. Papain is activated by incubating 2 50 minute incubation, the mixture was analyzed by instant thin 

mg^ml papain (2xreciystaliizcd suspension, Sigma #P3 125) layer chromatogra^iy (TTLC) using lOmM EDTAfcr devel- 

and 0.05M cysteine (free-base, crystalline; Sigma #C7755) opment. The fraction of radioactivity bound to antibody was 

for 30 minutes in a 37° C water batk To remove cysteine, determined by counting sections of ITLC strips on a gamma 

the papain/cysteine mixture is ^lied to a PD-10 column counter. Hie results indicated that tticre were about 6 mol- 

(Pharmacia #G-25), which has been equilibrated with 20 ml 55 ccules of DTPA per antibody fragment and about 5 mol- 

ofacctate/EDTA buffer (0.1M acetate with 3 mM EDTA, pH ecules of LC-DTPAper antibody fragment 

5.5). Rractions are assayed by measuring absorbance at 280 (b) Detennination of tiie Immunoreactivity of LL2 F(aK)2- 

nm, and die two or three fractions that contain protein are chdatca: Conjugates 

pooled. The concentration of preactivated pj^wun is deter- The immunoreactivities of the LL2 F(ab*)2-OTPA and 

mined by using the formula: (absorbance at 280 nm)/2.5= ^ LL2F(abVLC-inPA conjugates were detcnnined using an 

mg. preactivated papain/ml. EUSA assay. The results demonstrated that LL2 F(ab')2 and 

To prepare antibody for digestion, 10 mg. of antibody in the DTPA and LC-DTPA conjugates exhibited similar bind- 

2 to 5 ml of PBS are dialyzed against ac^ate/EDTA. buffer. ing activity toward an LL2 anti-idiotype antibody. 

Five hundred miaograms of preactivated papain are added In addition, the immunoreactivities of the LL2 F(ab*)2 

to the dialyzed antibody solution, and the mixture is vor- 63 -DTPA and LL2 F(ab02-LC-inPA conjugates were exam- 

texed. After a 6-12 hour incubation in a 37° C. water bath, ined in a binding cono^tition assay. In tiiese experiments, a 

papain is inactivated by adding crystalline iodoacetamide human diimeric LL2 (IgG/kappa) was used to compete with 
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F{ab')2 or its conjugates for binding to Raji lymphoma DTPA (30 jig; 8.3 pi), incubating at room temperature for 

cells (ATCC CCL 86). Raji cells were cultured in DMEM one hour, and diluting with 90 pi of O.IM acetate (pH 63). 

medium, supplemented with 10% fetal calf scrum and 2mM Yttrium-labeled LL2 F(ab02-LC-DTPA was prepared by 

L-glutamine. Cells were maintained at 37° C in 5% carbon mixing ^yttrium acetate (109,5 \iCi) with LL2 F(ab V^C- 

dioxide. Cell medium and components were obtained from 5 DTPA (30 fig; 7.6 pi), incubating at room temperature for 

Gibco/BRL (Graithersburg, Md.). one hour, and diluting with 90 pi of 0. IM acetate (pH 63), 

In these studies, 1 pg of the chimeric LL2 (IgG/kappa) The result of the labeling procedure was tested by ITLC in 

was incubated with 5x10^ Raji cells in the presence of two solvent systems, and by HPLC, as described above, 

various concentrations of LL2 F(ab')2 or its conjugates in a ^ttrium-labded LL2 F(ab%-DTPA had a specific activ- 

final volume of 100 pi of PBS supplemented with 1% fetal lo ity of 4,29 pCi/pg protem, while ^yttrium-labeled LL2 

calf soimi and 0.01% (wA^) sodium azide (PBS-FA). The F(abVLC-DTPA had a specific activity of 3,65 pCS/pg 

mixtures were incubated for 30 minutes at 4° C, and then protein. Radio-HPLC analysis indicated that ^yttrium was 

washed three times with PBS to remove unbound antibodies. incorporated in LL2 F(ab')2-DTPA by 96%, while ^V^^um 

The extent of residual binding by chimeric LL2 after com- was incoipcarated in LL2 F(ab')2-LC-DTPA by 90%. 

petition was determined by adding 100 pi of a solution I5 

containing a goat anti-human Fc-spedfic antibody labeled EXAMPLE 4 
with fluorescein isothiocyanate (20xdiluted stock solution in 

PBS-FA), and inaibating for 30 min at 4** C After washing Indirect Conjugation at the Orbohydrate Moiety of 

the mixture three times widi PBS, fluorescence intensity was Region of the light Chain Variable 

measured using a FACSCAN fluorescence activated cell 20 Domain of F(ab')2 Fragments 

sorter. The results of these studies demonstrated that TJ 1 ..^ r *i. t * j- * ^ • 

T7/ t.f\ J • * J ^*M*i*vi««cu.^ tiioi. Preparation of the Intermediate Conjugate 

FCab^ and its conjugates exhibited similar bmding to Raji 1/ . , , ^ ^ . , . . 

6 J yjjg murme LL2 F(ab)2 fragment was conjugated with 

Thus, these studies demonstrate that both conjugates were doxorubidnvkdexto^^ 

immuncareactiveandexhibitedbindingactivitiescomparable 25 <^f^41:832-839 (1988). Briefly, amino dextran was 

to unconjugated LL2 F(ab% fragments. prq)ared by dissolvmg one gram of dextran (hlw. 18 kD; 

(c) Labeling with "^Indium ^^^ma Chemical Co.; St. Louis, Mo.) in 70 ml of water. The 
The LL2 F(abO:i-didator conjugates were labeled with dextran was partially oxidized to form poly aldehyde dextran 

"^Indium as follows. "^Indium diloride was buffered at pH ^ram of sodium metaperiodate, and stirring 

5,5 using ammonium acetate such that the final acetate 30 ^^^^^^^ temperature overnight. Afto- concen- 

concentration was about 0.2M. "^Indium acetate was added ""^^ ^ membrane; 

to a solution of LL2 F(ab%-conjugate in O.IM acetate (pH MWCO:10,000), the polyaldehydc dextran was purified by 

6.5), and the mixture was incubated for about one hour, Sephato G-25 chromatography and lyophilized to give 

Reaction mixtures contained dflier 9.7 pg of LL2 F(abO,- powder. Poiyaldehyde dextran 

DTPA and 72.6 pQ of ^^^Indium, or 10 pg of LL2 F(abO,- 35 ^ equivalents of 13-diamino-2- 

LC-ETTPA and 126,7 pQ of *"lndiunL hydroxypropane in aqueous phase for 24 hours at room 

The extent of '^indium incorporation was analyzed by ^^^ff^^. The resultant Schiff base was stabilized by 

incubating the labeling mixture with 10 mM EOTA for ten ^^^^ borohydnde (0.311inmol per 2.15 mmol 

minutes, foUowed by irLC examination using 10 mM of 13-diamino-2.hydroxypropane) to the mixture. Tlie mix- 

EDTA for development In this assay, unbound "^indium 40 ^ "^^^^^ incubate at room temperature for six 

moves to the sohition front, whfle antibody-bound "^indium ^^"^ P™^^ ^ Sephadex G-25 

remains at the origin. The presence of any colloidal column. 

^^^indium was assayed by ITLC (co-spotted with human Doxorubidn (Sigma Chemical Co.; St Louis, Mo.) was 

serum albumin) using a watenethanohammonia (5:2:1) activated by adding one millilitei of anhydrous DMF to 0.1 

solution for devdcpment In this system, the fraction of 45 ™iole of doxorubicin in a dried Reacti-vial, followed by a 

radioactivity at tiie origin represents colloidal "^indium. In sohition of N-hydraxysucdnimide (23 mg, 0.2 mmole; 

addition, all labeling mixtures were analyzed using radio- Sigma) in 750 pi of anhydrous DMF and a solution of 

higji pressure liquid chromatography (radio-HPLQ. l^-dicydohexylcarbodiimide (41.5 mg, 0.2 mmol; Sigma) 

The results of these studies indicated tiiat "Hndium- ^ ^^0 pi of anhydrous DMF. The reaction mixture was 

labeled LL2 F{ab%-UrPA had a specific activity of 7.47 so stirred in the dark at room temperature for 16 hours unda 

pCi/pg protein, and that ^"indium was incorporated by anhydrous conditions. The side product, i,e., the urea 

97.4%, as determined by ITLC, or 92.5%, as determined by derivative, did not predpitate well in this solvent system. 

radio-HPLC Moreover, ^"indium-labded LL2 F(abVLC- predpitate was centrifuged and the solution was stored 

DTPA had a specific activity of 12.67 pCi/pg protein, and sealed bottie at -20° C 

^^^indium was inccaporated by 95.6%, as determined by 55 DoxOTubidn-dcxtran intermediate conjugate was pre- 

ITLC, or 94%, as detamined by radio-HPLC, The amount pared by dissolving aminodextran (18 kD; 10 mg) in two 

of colloidal ^^Hndium is typically about 1 to 3%. milliliters of PBS (pH 12) and gradually adding 0,7 ml of 

(d) Labeling with Yttrium the above N-hydroxy-succinimide-activated doxorubicin 
LL2 F(ab*)2-cheiator conjugates were prepared as solution. Thus, 50 moles of doxorubicin were present per 

described above. The conjugates were labeled with 60 ^lole of aminodextran. The solution was stirred at room 

^^yttrium, as follows. Briefly, conmierdally available temperature for five hours and after removing any 

^yttrium chloride (DuPont NEN; 17.68 pi; 5.63 mQ) was prec^>itate, the conjugate was purified using a Sephadex 

buffered witii 35.4 pi of 0.5M acetate (pH 6.0). The solution G-25 column. Doxorubidn-dextran conjugate was diarac- 

was allowed to stand for 5-10 minutes at room temperature, terized by a doxarubidn/dcxtran ratio of 14. 

and then used for radiolabding. 65 Altemativdy, doxorubidn-dextran conjugate was pre- 

^ttrium-labded 1X2 ¥(ab%-UTPA was prepared by pared by reacting doxorubicin with l-ethyl-3(3- 

mixing ^yttrium acetate (128.7 pQ) with LL2 F(abV dimetfaylaminopropyl>carbodiimide, as described by Shih 
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^al.,Int J. Cancer Al:%32-^9 (1988). Also, seeShihetaL, 
Cancer Research 51:4192-4198 (1991). 
(b) Site-spedfic Attachment of the Intermediate Conjugate 
to LL2 F(ab')2 

LL2 F(aV)2 fragment (25 mg) in 5 ml of PBS (pH 5.5) 
was oxidized in the dark by treatment with sodium meta- 
peciodate (800 pi of a 21J mg/ml solution) at room tem- 
perature for 60 minutes. The reaction mixture was treated 
wi& ethykne glycol (50 pi) to decompose the unrcacted 
peiiodate and the oxidized antibody &agment was purified 
using a Sephadex G-25 column equilibrated in 0.05M 
HEPES (pH 7.4). The oxidized fragment was tiien concen- 
trated to 5 mg/ml in 0.05M HEPES (pH 7.4) and reacted 
with the doxoiubidn-dcxtran conjugate (22 mg). After 24 
hours at room temperature, tiie Schiff base was reduced by 
NaBHjCN. Conjugated antibody was purified using a 
Sepharose CL-6B column. 

Using this procedure, an average of about nine doxoru- 
bicin molecules can be coupled to each t j F(ab')2 frag- 
meat at the carbdiydrate site of the FRl region of the light 
chain variable domain. This ratio was determined by mea- 
suring the concentration of doxorubicin (A432) and protein 
(Ajgo). The conjugate retains 80% of the inmumoactivity of 
the unconjugated LL2 F(ab*)2 fragment, as determined by 
the flow cytometry method described above. 

EXAMPLES 

Introduction of an Asn-linked Glycosylation Site in 
the VK FRl Region of Humanized MN14 

An Asn-giycosylation site was introduced into the VK 
FRl region of humanized MN14, which is an antibody that 
funds cardnoembryonic antigen. Briefly, the nucleotide 
sequence encoding Ai^^^ was mutated to a nucleotide 
sequence encoding Asnjg using the PGR method described 
in Example 1. In this case, DNA from the light chain 
expression vectcx* fcr humanized MN14 was used as a 
ten^)late fcr PGR The VKFORl primer of CMandi et al, was 
used as the 3* primer. The 5 primer consisted of a 57-mer 
encoding the first 20 amino adds of the MN14 VK domain, 
with the exception that the codon at position 18 encoded 
Asn. The approximatdy 300 base pair PGR product was 
digested with PvuII and Bgin, and ligated into complemen- 
tary sites in a staging or doning vector. DH5a competent 
cells were transformed with the staging or doning vector 
using a standard caldum chloride method. For exan^>le, see, 
Ausubel et al., supra. 

The DNA fragment containing the humanized MN14 VK 
sequence with an Asn-glycosylation site at amino add 
position 18 was subdoned into a pSVhyg-based light diain 
eapression vecton SP2/0-AG14 non-secreting myeloma 
cells were co-transfected by elcctroporation with the linear- 
ized light diain e:qn-ession vector and widi a Linearized 
heavy chain expression vector. Transfectomas were sdected 
using hygromycin-B and cultured to produce antibody. 

Antibody was purified and analyzed on an SDS-PAGE 
reducing geL Tlie light chain of tiie glycosylated humanized 
MN14 migrated as multiple bands and ran at a higher 
molecular weight, conqxared to non-glycosylated MN14 
light diain. This result indicates that the new Ash-linked 
glycosylation site was used for carbohydrate addition. 

Significantly, the MN14 blocking activities of the glyco- 
sylated MN14 antibody and the non-glycosylated MN14 
antibody were found to be substantially the same. Thus, 
glycosylation at flic VK FRl region of humanized MN14 
does not affect immunoreactivity. 
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EXAMPLE6 

Direct Conjugation of DOTA at the Carbohydrate 
Moiety of the FRl Region of the lig^ht Chain 
Variable Domain of F(ab')2 Fragments 

(a) Conjugation of the Murine RS7 F(ab')2 fragment with 
DOTA 

The MAb RS7 is a rqiidly internalizing antibody that is 
reactive with carcinomas of the lung, stomach, bladder, 
breast, ovary, uterus and prostate (Stein et aL, 1990, Cancer 
Res,, 50, 1330-1336). Using procedures described above, a 
glycosylation site, NVT, is introduced at positions 18-20 of 
the VK domain of RS7. The glycosylated RS7 is expressed 
in SP2/0-AG14 myeloma cells, and the F(ab')2 prepared as 
described above. 

To 2 mg of the F(ab% fragment of RS7 in 1 ml of O.IM 
phosphate buffered 0.9% sodium chloride solution, pH 7.2 
(PBS), is added 400 fd of 2.84 mg/ml sodium mctapcriodatc. 
The reaction mixture is stirred in the dark at room tempera- 
ture for 90 min., and 20 pi of ethylene glycol is added to stop 
the oxidation reaction. Tlie oxidized antibody fragment is 
purified on a Sephadex G-25 size-exclusion colunm 
(Pharmacia; Piscataway, NJ.) equilibrated in PBS (pH 6,1). 
The antibody is reconcentrated to 2 mg/ml with a Centricon 
30 (Amicon; Bevedey, Mass.) and treated with an excess of 
2-p-aminobenzyl-l,4,7,10-tetraazacydododecanetetraacetic 
add (NH2-BZ-DOTA). The mixture is allowed to react at 4** 
C for 48 hr. The Sdiiff base is reduced in situ by the addition 
of a 10-fold molar excess (to antibody) of sodium 
cyanoborohydridc, with subsequent stirring for 30 min. The 
D0TA-F(ab*)2 conjugate is purified using a centiifuged 
slze-exdusion colunm (Sephadex G-5(V80) equilibrated in 
O.IM acetate-buffered 0.99b sodium diloridc solution (ABS, 
pH 6.5), prepared with add-washed con^xments and metal- 
&ee buffer media. The concentration of the antibody conju-^ 
gate is determined by its absorbance at 280 nm, and the ratio 
of chelates per mole of antibody detennined by cobalt-57 
binding assay as in Exan^le 3. 

Commercially available yttrium-90 chloride (8.9 mQ, 27 
jd) is treated with 81 Ml of 0 JM ABS, pH 6, and ttie solution 
mixed by vortex. It is allowed to stand for 15 min. and then 
used in the labeling below. 

To die rXHA-labded RS7 F(ab% conjugate (1 mg, 73 pi) 
in an add-washed plastic vial, is added yttrium-90 acetate 
(4.94 mQ, 60 fil) in ABS. The vial contents are mixed gendy 
with a vertex, and allowed to stand at room temperature for 
1 hr. Then, 850 pi of O.IM ABS was added to tbc labeling 
vial with mixing. The labeling result is tested by instant 
thin-layo: chromatography in two solvent systems, and by 
hi^-peiformance liquid diromatography, as described in 
Example 3. 

EXAMPLE7 

Indirect Conjugation using a polyamidoamine 
dendrimer as the intennediate carrier at the 
Carbdiydrate Moiety of the FRl Region of the 
light Chain Variable Domain of F(ab')2 Fragments 

(a) Preparation of the Intennediate Conjugate 
The murine RS7 F(ab% fragment, oxidized as described 
above, was conjugated with DOTA via a generation 2 
polyamidoamine dendrimer. The dendrimer was prq>ared by 
the metiiod of Tomalia et al., Angew, Chenu Int, Ed. Engl 
29:138-175 (1990). The dendrimer (10 pM in 8 ml water) 
was reacted with 150 pM 2-(p-isothiocyanatobenzyl)-l,4 J, 
10-tetraazacydododecyl tetraacetic add at 40® C, pH 9 for 



35 



5,635,603 



24 h, with periodic additions of 0.2M NaOH to main tfltn the 
solution pH at 9.0. Unreacted ligand was removed by 
ultrafiltration using a stirred cell (Amicon, MA) fitted with 
a 3000 MW cut-off filter. After lyophilization, the 
dendrimer-chelator conjugate was resuspended in ABS, and 
conjugated to the RS7 F(ab')2 fragment as described in 
Example 6. 

EXAMPLES 

Conjugation of Hz-PEG (methoxy polyethylene 
glycol hydrazide) to F(ab% light diain 
carbohydrate. 
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Conjugation protocol (a). 

IMMU-LL2-F(ab')2 carbohydrate moiety was oxidized 
with sodium periodale (20 mM final concentration) at pH 6 
for 90 min at 0** C The oxidized firagment was separated 
from excess periodate by centrifuged spin-column 
technique, Sephadex G-50-«0 in PBS pH 6.0. The hydra- 
zone linkage was obtained through addition of methoxy- 
PEG hydrazide (MW 5000, Shearwater Polymers, Inc., 
Huntsyille, Ala.) in molar excess (50xand 300x) to the 
purified oxidized intermediate. The reaction was allowed to 
proceed for two hours at room temperature. The products 
were purified with a centrifuged spin-column, containing 
Sq)hadex G-50-€0, O.IM sodium phosphate pH 7 and 
analyzed by size-exclusion HPLC using a BioSil SEC-400 
column eluting witii 0.2M sodium phosphate, 0.02% sodium 
azide, pH 6.8. 

The results showed 16% unmodified for the reaction with 
50xmolar excess and only 23% unmodified F(ab*)2 for the 
reaction with SOOxmolar excess of Hz-PEG. 
Conjugation protocol (b). 

IMMU-LL2 F(ab)2, 200 nl (2.1 mg, 2.1xlOr« mol) was 
oxidized with 29.4 id of 0 JM NaI04, (700x2.1x10"* mol) 
for 45 min at 26** C. The oxidized ftagment was. separated 
from excess NaI04 two consecutive 2.4 ml centrifuged 
spin colunms, Sephadex G-50-80 in O.IM sodium 
jiosphate, pH 7. 

Conjugation of metiioxy-Hz-PEG to tiie oxidized frag- 
ment was acoon:5)lished by inaibating 205 pi (1.52 mg, 
1.52x10^ mol) of oxidized IMMU-LL2F(ab)2 with 22.8 mg 
(300x1.52x10"* mol) of methoxy-Hz-PEG(MW5000) at 
25*^ C for 1 hr. The conjugate was purified on spin-col umn 
(4 consecutive 2.4 ml) of Sephadex-G-50-80, eluted witii 
0.1M sodium phosphate, pH 7. HPLC analyses on a size- 
exclusion column of BioSil 400 eluted witii 0.2M sodium 
phosphate, 0.15M sodium chloride, 0.02% sodium azide pH 
6.8, showed two new peaks, at 7.4 (16,9%) and 8.3 min 
(83.1%). 

EXAMPI£9 

Rreparation of Bifunctional Chelating Agent (5) 

The following example illustrates a method of prq)aring 
a particularly preferred bifunctional chelating agent for tise 
in the present invention. Radiolabeling proteins or antibod- 
ies having pendant sulfhydryl groups using the bifunctional 
dielatmg agents prepared in this exan^le, and using the 
radiolabeled proteins or antibodies in radioimmunoimaging 
or radioumminotherapy metiiods is within the skill of those 
skilled in the art The reaction sequence is shown below. 
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(a) . To a stirred solution of . N-€-( 
t-Butoxycarbonyl)lysine in t^rahydrofiiran (THF), cooled 
to 4** C. under argon, is added dropwise borane- 

35 t^rahydrofuran conq)lcx (1 equivalent). After 2 h, excess 
borane was decomposed by carefiil addition of aqueous 
THF. The reaction mixture was then refluxed witii 5M 
sodium hydroxide for 10-18 h to decompose the borate 
esters. The aqueous solution was thoroughly extracted with 

^ chloroform, washed with brine, dried over anhydrous 
sodium sulfate, and concentrated to dryness on a rotary 
ev^Koator, giving 2-amino-6-N(t-butoxycarbonyl)amino-l- 
hexanol (1), 

(b) . Compound (1) is dissolved in etfaanol at 4** C and 
45 formaldehyde gas (prepared by heating paraformaldehyde in 

a stream of argon) is passed into the solution for 10 min. 
Sodium borohydride (10 equivalents) is then added slowly, 
maintaining the temperature at 4° C The mixture is evapo- 
rated to dryness, and O.IM HQ added dropwise to the 

50 residue followed quickly by saturated sodium bicarbonate 
solution. The solution is extracted with ethyl acetate, washed 
with brine, and the organic layer dried over anhydrous 
sodium sulphate and concentrated to dryness. The produce is 
treated again with formaldehyde and sodium borohydride as 

55 above, to give 2-(N,N-dimethylamino)-6-[N-(t- 
butoxycarbonyl)amino]-l-hexanQl, (2) 

(c) . To a solution of (2) in dichloromethane at 4^ C. is 
added anhydrous potassium carbonate (20 eq.), and the 
suspension vigorously stirred while excess thipnyl chloride 

60 was added dropwise. After 1 h, solvent and excess thionyl 
chloride is removed on a rotary evaporator and the residue 
extracted with ethyl acetate. Evaporation to dryness affords 
l-(N,N-dimethylamino)-5-(t-butoxycarbonyl)amino- 
l-chloromethylpentane, (3), which may be further purified 

65 by chromatography on silica gel if necessary, 

(d) . To a solution of (3) in toluene is added 1,8- 
diazabicyclo[5.4.0]undec-7-ene (2.2 eq.), followed by 
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thiobenzoic add (1.1 eq.), and the solution heated under 
reflux. Progress of the reaction is monitored by thin-layer 
chronuitography (TLC) on silica gel plates, visualized with 
5% {^osphomolybdic add in ethanoL When reaction is 
conq)lete, the organic extract is evaporated to dryness and 
the residue redissolved in chloroform, washed once with 
water^ dried over anhydrous sodium sul|^ate, and evapo- 
rated to obtain crude S-benzoyl-2-(N,N-dimethylamino)-5- 
(t-butoxycarbonyl)aminomercaptan, (4). This compound is 
further purified by flash duromatograi^y. 

(e). To a stirred solution of (4]) in dichloromethane at 
room tenq)erature is added trifluoroacetic add (10 eq.). After 
2 h the solvent is evaporated to dryness to give (5), which 
is used directly for conjugation to the oxidized carbdiydrate 
of the antibody fragment 

EXAMPLE 10 

Coupling of Bifunctional Chelating Agent (5) to an 
oxidized antibody. 

Ill F(ab% fragment (2.5 mg) in about 1 ml of 50 mM 
acetate-buffered 0.9% saline (ABS; pH 53) is oxidized in 
the dark by treatment with sodium metaperiodate (210 pi of 
a 5.68 m^^ solution) at 0° C for one hour: The rea<^on 
mixture is treated widi ethylene glycol (20 pi) to decompose 
the unreacted p^odate and the oxidized antibody firagment 
is purified using a Sephadex G-5Q^80 column (Phaimada; 
Hscataway, N J.) equilibrated in PBS (pH 6.1). The oxidized 
fragment is then reacted with an excess of didating agent 
(5). After 40 hours at room temperature, tiie SchiflP base is 
reduced by NaBHjCN. Conjugated antibody is purified 
using a oentrifuged size-exclusion column (Sephadex G-50^ 
80) equilibrated in O.IM acetate (pH 6.5). The concentra- 
tions of antibody conjugates are determined by measuring 
absorbance at 280 run. 

EXAMPLE 11 

Preparation of Bifunctional Chelating Agent (10). 




(6) R'=Boc. R-=CH3C02'Bu,R"* = OH 

(7) R'=Boc, R-=(CHi)iOH.R*-=:OH 

(8) R* = Boc, R- = {CHiyjOl, R'" = CI 

(9) R' = Boc, R- = (CH2)2SCORi, R"* = SCOPh 
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solution was washed with brine, dried over anhydrous 
sodium sulphate and evaporated to dryness in vacuo. The 
residue was taken up in THF:water (1:1) and the pH adjusted 
to 10 with O.IM NaOH. Di-t-butyl dicarbonatc (2.2 cq.) was 
5 added in portions, maintaining the pH at ^10 by addition of 
O.IM NaOH as required. One hour after conq>letion of the 
addition the solution was extracted with efliyl acetate and tiie 
organic layer dried and evaporated in vacuo. The residue 
was chromatographed on silica gel to give (7). 

(c) . To a solution of (7) in cfalorofonn cooled to 4** C was 
added anhydrous potassium carbonate (20 eq.), and tiie 
suspension vigorously stirred while excess thionyl chlcnde 
was added dropwise. After 1 h, solvent and excess thionyl 
chloride was removed on a rotary evaporator and the residue 

15 extracted with ethyl acetate. Evaporation to dryness afforded 
(8). 

(d) . To a solution of (8) in toluene was added 1,8- 
diazabicydo[5.4.0]undec-7-ene (1.8 eqychloride grcmp), 
followed by thiobenzoic add (1.4 eqichlodde group), and 

^ the solution heated under reflux. Progress of the reaction was 
monitored by thin-layer chromatography (TLC) on silica gd 
plates, visualized witii 5% phosphomolybdic add in etfaanoL 
When reaction was conqilete, the organic extract was evapo- 
rated to dryness and the residue redissolyed in chloroform, 
^ washed once with water, dned over anhydrous sodium 
su^hate, and evaporated in vacuo to give crude (9), which 
is furdier purified by flash diromatograi^y. The NMR 
spectrum (400MHz) of (9) showed signals at: 7.95 (m, 6H), 
7.55 (t, 3H, J=8). 7.42 (m, 6H), 3.25-Z75 (m, 13H), 1.6-1.2 
^ (m, 6H), 1.44 (s, 9H). 

(c). To a stirred solution of (9) in dichloromethane atroom 
temperature was added trifluoroacetic add (10 eq.). After 2 
h the solvent was evaporated to dryness to give (10) "wbidti 
is used directly fcH* conjugation, as described in Example 10, 
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above. 



EXAMPLE 12 



Preparation of Bifunctional Chelating Agent (14). 
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(a) . To a stirred solution of 2-aimno-6-N(t- 
butoxycaibonyl)amino-l^exanol (1) in anhydrous acetoni- 
tdle was added anhydrous sodium carbonate, followed by 
t-bu^l bromoacetate (2.2 eq.). The mixture was stirred 
und^ reflux for 6-10 h after whidi the mixture was 55 
extracted with ethyl acetate. This solution was evaporated to 
dryness and purified by chromatography on silica gel to 
afford (6) in 68-75% yield. 

(b) . To a stirred solution of (6) in dichloromethane atroom 
tenq>erature was added trifluoroacetic add (10 eq.) After 1 60 
h the solvent was removed in vacuo and flie residue dis- 
solved in dry THE The solution was coded to 4*' C, and 
borane-THF complex (3 eq.) was added dropwise over 15 
min. After stirring for 2 h, excess borane was decon^sed 
with aqueous THF, and the borate ester was dcconqwsed by 65 
refluxing with 5M aqueous sodium hydroxide for 10-18 h. 
The mixture was extracted with ethyl acetate and the organic 



(11) R' = OH,R*=NOi 

(12) R' = OH.R-=NHBoc 

(13) R' = SCOPh, R" =NHBoc 

(14) R'=SCOPh,R-=NH2 



(a) . To a solution of diethylenetriaminc-pentaacetic add 
(DTPA) dianhydride in DMF is added trietfaylaniinc (1 cq.), 
followed by 4-nitrophencthylamine (0.25 eq.). After stirring 
for 2 h, 0.1M NaOH (excess) is added. After 1 h the solution 
is ad(tified with O.IM HQ and the solution evaporated in 
vacuo. The organic residue is taken up in anhydrous THF, 
dried over magnesium sulfate, filtered, and cooled to 4**, 
Borane-THF conq)lex (6 eq.) is added dropwise over 15 
miiu After stirring fox 2 h, 0. IM HQ is added to dccoii5)ose 
borate esters. Excess saturated sodium bicarbonate sdution 
is added, and flie mixture extracted with eth^ acetate. The 
organic solution is washed with brine, dried over anhydrous 
sodium sulphate and evi^rated to dryness in vacuo to give 
(11)^ 

(b) . To a stirred sdution of (11) in methanol is added 
paUadium on charcoal catalyst (0.1 eq.). The suspension is 
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placed undex an atmosphere of hydrogen and the reduction 
allowed to proceed until TLC indicates an absence of (11). 
The reaction mixture is flushed with argon three times, 
filtered to remove catalyst, and evaporated to dryness. The 
residue is taken up in THF.-water (1:1) and the pH adjusted 
to 10 with O.IM NaOH. Di-t-butyl dicarbonate (2.2 eq.) is 
added in portions, maintaim'ns the pH at 9-10 by addition of 
0.1M NaOH as required. One hour afta* conq)letion of the 
addition the solution is extracted with ethyl acetate and the 
organic layer dried and evaporated in vacuo. The residue is 
cfaromatographed on silica gd to give (12). 

(c) . To a solution of (12) in diloroform at 4° C. is added 
anhydrous potassium carbonate (20 eq.), and the suspension 
vigorously stirred while excess thionyl chloride is added 
dropwise. After 1 h, solvent and excess thionyl chloride is 
removed on a rotary evaporator and the residue extracted 
with etiiyl acetate. The solvent is removed in vacuo to and 
the residue taken up in toluene. l,8-diazabicyclo[5.4.0] 
undec-7-ene {22 eq.) is added, followed by thiobenzoic acid 
(1.1 eq.), and the solution heated under r^ux. After 5 h the 
organic extract is evapcs-ated to dryness and the residue 
redissolved in chloroform, washed once with water, dried 
over anhydrous sodium su^hate, and evaporated in vacuo to 
give crude (13), which is finrflier purified by flash chroma- 
togr^hy. 

(d) . To a solution of (13) in dicfaloromethane at room 
tei^ierature is added trifluoroacetic add (10 eq.). After 2 h 
the solvent is evaporated to dryness and the residue used 
directly for conjugation as described in Example 10, above. 

EXAMPLE 13 

Preparation of Bifunctional Chelating Agent (19). 




(15) R'=C0/Bu,R" = <yBu 

(16) R* = CHiOH, R" = NH(CH2)i-p<yi4N02 

(17) R' =CH20H, R" = NH(CHa)i-pC6H4NHBoc 
(1«) R' = CUtSCOPh, R- = NHCCRzltrthCeH^NHBoc 
(19) R* = OfeSCOPli, R" =NH(C«i)2l>-C6H4NI^ 
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solution washed with brine and ev^xirated in vaaio. The 
residue is chromatogra^ied on silica gel to yield pure (16). 

(c) . To a stirred solution of (16) in methanol is added 
palladium on charcoal catalyst (0.1 eq.). The suspension is 
placed under an atmosphere of hydrogen and the reduction 
allowed to proceed until TLC indicates an absence of (16). 
The reaction mixture is flushed with argon three times, 
filtered to remove catatyst, and evaporated to dryness. The 
residue is taken up in THF.-water (1:1) and the pH adjusted 
to 10 with O.IM NaOH. Di-t-butyl dicarbonate (2,2 eq.) is 
added in portions, maintaining the pH at 9-10 by addition of 
O.IM NaOH as required. One hour after completion of tiie 
addition the solution is extracted with ethyl acetate and the 
organic laya dried and evaporated in vaaio. The residue is 
chromatographed on silica gel to give (17). 

(d) . To a solution of (17) in chloroform at 4** C is added 
anhydrous potassium carbonate (20 eq.), and the suspension 
vigorously stirred while excess thionyl chloride is added 
dropwise. After 1 h, solvent and excess thionyl chloride is 
removed on a rotary ev^Kjrator and the residue extracted 
with etiiyl acetate. The solvent is removed in vacuo to and 
the residue taken up in toluene. l,8-diazahicyclo[5.4.0] 
undec-7-ene (1.8 eqVchloride group) is added, followed by 
thiobenzoic add (1.4 cqVcfalonde), and the solution heated 
under reflux. After 5 h the organic extract is evaporated to 
dryness and the residue redissolved in chloroform, washed 
once with water, dried over anhydrous sodium sulphate, and 
ev^Kjrated in vacuo to give crude (18), which is furtho- 
purified by flash chromatogr^hy. 

(e) . To a solution of (18) in dichloromethane at room 
t^nperature is added trifluoroacetic add (10 eq.). After 2 h 
the solvent is ev^Kjrated to dryness to give (19), which is 
used directly for conjugation as described in Example 10, 
above. 

EXAMPLE 13 
Preparation of Bifunctional Oielating Agent (21). 




(20) R*=NHBoc 

(21) R'=NH2 



(a) . To a solution of 1,4,8,11-tetraazacyclotetradecane in 50 
anhydrous acetonitrile is added anhydrous sodium 
carbonate, followed by t-butyl bromoacetate (6 eq.). The 
mixture is heated under reflux for 6-10 h, after which the 
mixture was extracted wifli ethyl acetate. The solution is 
evaporated to dryness and purified by chromatography on 55 
silica gd to afford (15). 

(b) . To a sohition of (15) in dicfaloromethane at room 
tempaature is added trifluoroacetic add (10 eq.). After 2 h 
file solvent is evaporated to dryness and the residue dis- 
solved in a minimum volume of DME The solution is cooled 60 
to 4° C and thionyl chloride (excess) is added. After 2 h the 
solution is evq)oiatcd in vacuo to remove excess thionyl 
chloride and triethylamine (10 eq.) is added, followed by 
4-nitrq)henethylamine (0.25 eq.). Powd^ed sodium boro- 
hydride is added in portions to reduce the remaining acid 65 
chloride groups, followed by addition of O.IM HCL The 
solution is extracted with ethyl acetate and the organic 



(a) . To a solution of N-Boc N-methylethylenediamine in 
dichloromethane cooled to 4** C, is added triethylamine (10 
eq.) followed by chloroacetyl chloride (1.1 eq.). After stir- 
ring for 30 min, water is added and the organic layer 
separated, dried and concentrated to dryness in vaoio. The 
residue is taken up in toluene and l,8-diazabicydo[5.4.0] 
undec-7-ene (2,2 eq.) is added, followed by thiobenzoic add 
(1.1 eq.), and the solution heated under reflux. Afta- 5 h the 
organic extract is evaporated to dryness and the residue 
redissolved in chloroform, washed once with water, dried 
over anhydrous sodium sulphate, and evaporated in vacuo to 
give crude (20), which is further purified by flash chroma- 
tography. 

(b) . To a solution of (20) in dicfaloromethane at room 
temperature is added trifluoroacetic add (10 eq.). Aftsx 2 h 
the solvent is ev^orated to dryness to give (21), which is 
used directly for conjugation as described in Example 10, 
above. 
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EXAMPLE 14 unm equilibrated in O.IM acetate, pH 6.5, and concentrated 

on Centricon 30 concentrator. 

Preparation of Bifimctional Chelating Agent (23). HPLC analysis of the conjugate revealed a single peak, at 

an identical retention time with that of unmodified antibody, 

o 5 (c) Determination of number of chelates per LL2-F(ab*)2 

Jl ,S^_^ N 40 ug of the above conjugate was labeled with an excess 

^'-iT^'^^ s T^/^S^ of cobalt acetate, spiked with 50-200,000 cpm of cobalt-57 

radioisotope. After 30 minutes, the labeling mixture was 
made .10 mM in EDTA, and analyzed for incorporation of 

cm R' = NHBoc 10 antibody (using ITLC on siiicd-gel-in[^]lregnated 

m)R'=lS^ glass-fiber strips and lOmM EDTA for chromatogram 

^ development). From the fraction of radioactivity bound to 

the antibody, and the relative molar amount of conjugate and 

(a) . To a solution of N-Boc-hydrazine in dichloromcthane ^^^^"^ number of chelates per antibody 
cooledto 4° C, is addedtriethylamine (10 eq.)foUowed by ,5 ^^J^^^K^^^^ ;^'-*».vnn 
dimethylaayloylchlaride(l.leq.).Aft^sti^gfor30min^ ^'^\^'^t^l^^'\T^^^ . ^ n 
water is added and the organic layer separate^ dried and Jj^^J^f^^^^f solution of the ^thi^cmicartm 

, , , . * ^ ^ , beii2yl-OTPA-F(ab,)5 conjugate mO.lM sodium acetate (pH 

concentrated to dryness m v^^^^^ 6.5) was mixed wi& 4 uL of Y-90 acetate (95.5 uQ) iid 

toluene and l,8diazabicydo[5.4.0]undec-^^ (^2 eq.) is incubated for 1 h. llie solution was then dflutcd with 9 uL 

added, foUowed by thiobenzoic aad (1.1 eq.), and the 20 of O.IM sodium acetate, and analyzed for incorporation, 

solution heated under reflux. After 5 h the cxganic extract is instant thin-layer chromatographic analysis was paf OTmed 

evaporated to dryness and the residue redissolved in onanaliquotof the labeling mixture after incubation with 10 

cUorofonn, washed once with water, dried over anhydrous mM EDTA for 10 minutes. Y-90 inccKporation was 773%, 

sodium sulphate, and evaporated in vaoio to give crude (22), witii 1.2% of radioactivity present in the form of colloids! 

which is furtfier purified by flash chronaatogr^hy. The thiol 25 Radio-HPLC showed an inccrporation of 64%. 

group was dqirotected with sodium methoxide in methanol, (e) Radiolabding of the conjugate witii In-Ill 

and the thiol was reprotected as a 2-pyri<fylthio entity. 60 ug of the solution of the p-(tiuosemicarbazonyl) 

(b) . To a solution of (22) in dichloromefeane at room benzyl-DTPA-F(ab*)2 conjugate was mixed with 124 uQ of 
tenq)erature is added trifluoroacctic acid (10 sq.). After 2 h In-Hl acetate (Li-111 chloride buffered with 0.22M ammo- 
the solvent is evaporated to dryness to give (23), uiiich is 30 niuni acetate), and left at room ten^xcrature for 45 min. 
used directly for conjugation as described in Example 10, Analysis of an aliquot of the labeling mixture, after incu- 
above, but omitting the reduction step. bation with IQmM EDTA, showed an In-Ill incoiporation 

into conjugate of 86%. The sample was diluted to 90 uL with 

EXAMPLE 15 O.IM acetate, and incubated for 10 min with 10 uL of 0,1M 

^ . ^ 35 DTPA solution (pH 7). Two successive purifications by 

Pteparauon of a semicar^de derivative of DTPA centrifuged size-exclusion chromatography yielded the 

and conjugaUon and radiolabehng to produce an j^.j^i conjugate. 

mmmnoconjugate with an add-labile linkage. Although the foregoing refers to particular prcfared 

(a) Preparation of p-(thiosemicarbazidji)benzyl-DTPA embodiments, it will be understood that the present inven- 

p-(Isothicyanato)benzyl DTPA (19.7 umol) in 0.5 mL of 40 ^ so limited. It will occur to those of ordinary skill 

water was mixed with 6.6 uL of a 55% aqueous solution of in the art that various modifications may be made to the 

hydrazine hydrate (6 equiv.), and the pH of the solution was disclosed embodiments and that such modifications are 

adjusted to 9.13 using solid sodium carbonate. The dear intended to be within the scope of the present invention, 

reaction mixture was incubated at 37° C. for 4 h. The pH was which is defined by the f oUowing claims, 

then raised to 12.8, and water was removed using a high 45 All publications and patent plications mentioned in this 

vacuum pump. The residue was extracted twice with iso- specification are indicative of the level of skill of those in tfie 

prcpanol to remove residual hydrazine, and dissolved in 03 ^ which the invention pertains. All publications and 

mL of water. The pH was adjusted to 6.5 to yield an aqueous P^^^ applications are herein incorporated by reference to 

solution of &e requisite product at a concentration of 60 same extent as if each individual publication or patent 

umol/mL. 50 application were specifically and individually indicated to be 

(b) Coupling of p-(thiosemicarbazidyl)benzyl-DTPA to oxi- incorporated by reference in its entirety, 

dized carbdiydrate potion of antibody fragment LL2-F ^ daimed is: 

(ab')2 ^' ^ soluble immunoconjugate, conqiising: 

The 112 F{ab\ fragment (0.8 mL; 1.95 mg/mL) in 50 (a) a glycosylated antibody fragment selected from the 

mM acetate buffered saline, pH 53, was treated with sodium 55 group consisting of Fab, Fab', F(ab)2, F(ab%, Fv and 

mrtaperiodate at a final concentration of 143mM, and single chain Fv, which con^jrises a light diain variable 

incubated at 0° C (ice-bath) for 1 h. Excess periodate was region having a carbohydrate mdety attached at about 

decomposed using glycerol (20 uL), and the oxidized anti- amino add position 18 of said l^t chain variable 

body was purified on a centrifuged size-exclusion column region; and 

equilibrated in O.IM phosphate buffer, pH7. 60 (b) a loaded polyamidoamine dendrimer carrier, having at 

The solution of oxidized antibody was made 150 mM least one free amine group and a plurality of chelator 

with respect to sodium chloride, the pH was adjusted to 62 molecules covalently bound to said pdyamidoamine 

(using solid sodium phosphate, monobasic), and ih&n treated dendrimer carrier, 

with a 300-fold molar excess of p-(&iosemicarbazidyl) wherein said loaded polyamidoamine dendrimer carrier is 

benzyl DTPA. The reaction mixture was vortexed, and 65 covalently bound through said at least one free amine 

incubated in the dark at room temperature for 18 h. Hie group of said polyamidoamine dendrimer carrier to said 

conjugate was purified on centrifuged size-exdusion col- carbohydrate moiety of said antibody fragment, 
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wherein said immunoconjugate retains the inununoreac- 

tivity of said antibody fragment, 
and wherein said chelator is selected &om the group 

consisting of compounds represented by formula (I) 



T-SRi 



0) 



10 



15 



where X is CH, or X and 2 taken together can be CO; 
Y is CR4R5, CH2CR4R5 or (Cn^jORJRs where R4 
and R5 are die same or different and are selected 
from the groiq) consisting of hydrogen and sUkyl, 
substituted all^l, aiyl or substituted aiyl groups; Z 
can be any group capable of reacting with said 
carbohydrate moiety of said antibody fragment, or Z 
can be H; is a thiol protecting group which can be 
removed under conditions which do not significantly 
diminish the immunoreactivity of said protein; R2 
and can be the same or different, and each 
represents an acyl group car a substituted acyl group, 
or hydrogen, aikyl, aryl, substituted alkyl, or substi- 
tuted aryl, where the substituents on the alkyl or aryl 
groups are metal-ligating groups selected from the 
group consisting of sulfhydiyl, amine and caiboxylic 
acid or theu- protected derivatives; R2 and R3 also 
can be any group capable of reacting widi said 
carbohydrate moiety of said antibody fragment, 
compounds represented by formula (JJ) 



non-natural Asn-glycosylation site at about amino acid posi- 
tion 18 of the light chain of said antibody fragment 
4. A soluble immunoconjugate con^rising: 

(a) a glycosylated antibody fi:agment selected from the 
^up consisting of Fab, Fab\ F(ab)2, F(ab*)2, Fv, and 
single chain Fv, which comprises a light chain variable 
region having a carbohydrate moi^ attached at about 
amino acid position 18 of said light chain variable 
region; and 

(b) at least one chelator, whorein said chelator is selected 
from the group consisting of compounds rqaesented by 
formula (J) 




where D is H or CH2SR1; E can be any group capable 
of reacting with said carbohydrate moiety of said 
antibody fragment; R^ is a thiol protecting group 
which can be removed under conditions which do 
not significandy diminish the immunoreactivity of 
said protein; and m is 0, 1, 2, or 3, and 
compounds represented by fonnula (ID) 




wh^e Q can be any group capable of reacting with said 
carbohydrate moiety of said antibody fragment; Rj is 
a thiol protecting group which can be removed under 
conditions which do not significantly diminish the 
immunoreactivity of said protein; and n is 2 or 3, 

2. The soluble immunoconjugate of claim 1 wherein said 
chelator is covalently bound to said polyamidoamine den- 
drimer carder via an add-labile linier selected from the 
compounds I consisting of a thiosemicarbazide and a 
hydrazide. 

3. The soluble immunoconjugate of claim 1, wherein said 
antibody fragment is a mutated antibody fragment having a 
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Y— SRi 



consisting of hydrogen and alicyl, substituted alkyl, aryl 
or substituted aryl groups; Z can be any group capable 
of reacting with said carbohydrate moiety of said 
antibody fragment, cr Z can be H; R^ is a tiiiol 
protecting group which can be removed under condi- 
tions which do not significantly diminish the immu- 
noreactivity of said protein: Rj and R3 can be the same 
or different, and eadi represent an acyl group or a 
substituted acyl group, or hydrogen, alliyl, aryl, sub- 
stituted alkyl, or substituted aryl, where the substituents 
on the alkyl or aryl groups are metal-ligating groups 
selected from die group consisting of sulfriy diyl, amine 
and carboxylic add or their protected derivatives; R2 
and R3 also can be any group capable of reacting with 
said carbohydrate moiet/ of said antibody fragment, 
conq)ounds represented by formula (11) 




where D is H or CH2SR1; E can be any group cq)able 
of reacting with said carbohydrate moiety of said 
antibody fragment; R| is a thiol protecting group 
which can be removed und^ conditions whidi do 
not significantly diminish the immunoreactivity of 
said protein; and m is 0, 1, 2, or 3, and 
compounds represented by formula (ID) 



(m) 





where Q can be any group capable of reacting with said 
carbohydrate moiety of said antibody fragment; R^ is 
a thiol protecting group which can be removed under 
conditions whidi do not significantly diminish the 
immunoreactivity of said protein; and n is 2 or 3, aind 

wherein each chelator is covalently bound to said 
carbohydrate mdety of said antibody fragment, 
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and wherein said inununoconjugate retains the immu- 
noreactivity of said antibody fragment. 

5. The soluble immanoconjugate of claim 4, wherein said 
antibody fragment is a mutated antibody fragment conqnis- 
ing a non-natural Asn-glycosylation site at about amino add 5 
position 18 of the light diain of said antibody fragment 

6. The soluble immunoconjugate of claim 4, wherein said 
chelator is covalently bound to said carbohydrate moiety via 
an add-labiie linker selected from the compounds consisting 

of a thiosemicarbazide and a hydrazide. lO 

7. A method for prqyaring an immunoconjugate, conq)ris- 
ing covalently binding a loaded polyamidoamine dendrimer 
caxzier to the carbohydrate moiety of an antibody fragment, 

\^erein said antibody fragment is selected from the group 
consisting of Fab, Fab\ F(ab)2, F(ab*)2> Fv, and single 15 
diain Fv, wherein said antibody fragment contains a 
carbohydrate moiety in &e light chain of said antibody 
fragment at about amino add position 18, 

\(1ierein said loaded polyamidoamine dendrimer carrier 
has at least one free amine group and a plurality of ^ 
chelator molecules covalently bound to the polyami- 
doamine dendrimer carder, 

whereih said dieiator is selected from the group consist- 
ing of coix^x}unds rqjresented by formula (I) 



whidi can be removed under conditions whidi do 
not significantly diminish the immunoreactivity of 
said protein; and m is 0, 1, 2, or 3, and 
compounds represented by formula (III) 



ACK2I 




(CH2V 



25 



R2 
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(I) 



R3 
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wh^ X is CH, or X and Z taken together can be CO; 
Y is CR4R5, CH2CR4R5 OT (Ca^JCSt^^ where R4 
and R5 are the same or different and are sdected 
from the group consisting of hydrogen and alkyl, 
substituted all^l, aryl or substituted aiyl groups; Z 3s 
can be any group capable of reacting with said 
carbohydrate moi^ of said antibody fragment, or Z 
can be H; is a thiol protecting group which can be 
removed under conditions which do not significantly 
diminish the immuncreactivity of said protein; fi^ 40 
and R3 can be the same or different, and each 
represent an acyi group or a substituted acyl group, 
or hydrogen, alkyl, aryl, substituted alkyl, or substi- 
tuted aryl, where the substituents on the alkyl or aryl 
groups are metal-Ugating groups selected from the 45 
groiip consisting of sulfhydryl, amine and carbo;^lic 
add cr thdr protected derivatives; Rj and R3 also 
can be any group capable of reacting with said 
carbohydrate mdety of said antibody fragment, 
compounds represented by fonnula (II) 50 



where Q can be any group capable of reacting with said 
carbohydrate moiety of said antibody fragment; Rj is 
a thiol protecting group which can be removed under 
conditions which do not significantly diminish the 
immunoreactiviQr of said protein; and n is 2 or 3 

wherein said loaded polyamidoanune dendrimer carrier 
is covalently bound through said at least one free 
amine group of said polyamidoamine dendrimer 
carrier to said carbohydrate moiety of said antibody 
fragment, 

and wherein said immunoconjugate retains the immu- 
noreactivity of said antibocty fragment 
8. A method for prq)aring an immunoconjugate, comj^is- 
ing covalently binding at least one chdator to the carbohy- 
drate moie^ of an antibody fragment, 
wherein said antibody fragment is selected from the group 
consisting of Fab, Fab*, F(ab)2, F(ab%, Fv, and single 
chain Fv, 

wherein said antibody fragment contains a carbohydrate 
moiety in the ligjit chain of said antibody fragment at 
about amino add position 18, 

wherein said dieiator is sdected from the group consist- 
ing of compounds represented by formula (T) 



Y-SRi 



0) 
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where D is H or CH2SR1; £ can be any group capable 
of reacting with said carbohydrate moiety of said 
antibody fragment; R^ is a thiol protecting group 



60 



where Xis CH, or X and Z taken togetho" can be CO; 
Yis CR4R5, CH2CR4R5 or (CHj)2CR4R5 where R4 
and R5 are ttic same or different and are sdected 
from the group consisting of hydrogen and alkyl, 
substituted alkyl, aryl or substituted aryl groups; Z 
can be any group capable of reacting with said 
carbohydrate mdety of said antibo(ty fragment, or Z 
can be H; Rj is a thiol protecting group which can be 
removed under conditions which do not significantly 
diminish the immuiKH^eactivity of said protein; R2 
and R3 can be the same or different, and each 
represent an acyl group or a substituted acyl gro(q>, 
or hydrogen, alkyl, aryl, substituted alkyl, or substi- 
tuted aryl, where &e substituents on the alkyl or aryl 
groups are metal-ligating groups selected firom the 
group consisting of sulfhydryL amine and carboxylic 
add <x their protected derivatives; Rj and Rj also 
can be any group capable of reacting with said 
carbohydrate moiety of said antibody fragment. 



5,635,603 
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compounds represented by formula (D) 



SRi 



(H) 



SRi 



SRi 

where D is H or CH2SR1; E can be any group capable 
of reacting with said carbohydrate moiety of said 
antibody fragment; is a thiol protecting group 
v^ch can be removed under conditions which do 
not significantly dliminish the immunoreactivity of 
said prcrtein; and m is 0, 1, 2, or 3, and 
compounds represented by formula (m) 
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10. A soluble immunoconjugate of claim 1, wherein said 
chelator is 



10 




11. A soluble inomunoconjugate of claim 1, wh^ein said 
chelator is 



15 




CCH2V 



20 



25 



where Q can be any group capable of reacting with said 
carbohydrate moiety of said antibody fragment; Rj is 
a thiol protecting group which can be removed under 30 
conditions ^^ch do not significantly diminish the 
immunoreactivity of said protein; and n is 2 or 3, 




12. A soluble immunoconjugate of claim 1, whojein said 
chelatcr is 



and wherein said immunoconjugate retains die immu- 
noreactivity of said antibody fragment. 

9. A soluble iimnunoconjugate of daim 1, wherein said 
dielator is 




€0 
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Selective Protection of 2',2'.Difluorodeoxycytidine (Gemcitabine) EXHIBIT 16 
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Oe^citabine (1) is a P-^^^^^ ^ — 

the selective targetmg of compou^l^^^^^^^ ^^^^^ located on 

by conjugation to hgands that target P«"f^^^ ^ ^^^0^3 Development of such chemical 
x^t^chondriaandknownto beoverexpressedmhoman^^^ of compound 1. All three 

conjugates requires selective P;:<>^^J°J1 °" were synthesized in good 

monoprotected and three fiprotected gemcitabme de^^^^^ di-fert-butyl dicarbonate, under 

yield by em^oying ^ smgle^jr^^y^^^^^^^^^ eoryugates coupled at 4-NH. 

different conditions. Consequently tl^ettjee mo^^^^ pgj^ 1^^^^ 

to modify other nucleosides. 



Introduction 
Gemcitabine (2^2'-difluorodeoxycytidine dFdC) (1) is 
a promising antineoplastic drug approved for use in 
nancr^tic cancer. In comprehensive preclinical and 
dS studTes,^ it has shown activity against a wide 
fpe mm of human solid tumors including nonsmaU cell 
KVancreatic, colon, breast, bladder, ov^an head and 
n^k cSvical ai^d hepatoceUular cancers. The hydrochlo- 
rid7'o?c^pound 1 (GEMZAR) (la) is now marketed m 

"ISeS^Jug delivery to solid tumors continues to be 
a proWem that can be addressed by the development of 
Chemical conjugates that bind receptors overexpress^d 
in tumors Peripheral benzodiazepine receptors (PBKs) 
l^cateTon the outer membrane of mitochondria may 
™s such atarget as they are overexpressed m^^^^ 
tmnors relative to normal bram.^ A host of JBR lyands 
are known that can bind to human PBRs (i.e , PK11195) 
STd^t reR (i.e.. Ro 5 4864 and PK11195).^ Compound 
1 is an attractive candidate for development as a PER 
ligand drug conjugate since its uptake into bram is 
elpected to be limitod because of its hydjophilicity^ An 

inlunoglobulin conjugate of '^^^^P^^'^'^^^^^^f J'^e 
reported.' The PER ligand-drug conjugates are unique 
S that they are of low molecular weight and target an 
intracellular receptor as opposed to the more common cell 
surf ace receptor sought in other drug delivery ^r stems. 
* Corresponding author. Tel: 215 728-2461. Fax: 215 728-4333. 

E-maU: jm_gallo@fccc.edu. , „ ... ' x w • Tiistin J M. J- 

(l){a) Hirtel. L. W.; Kioin, J. S.; Misner J. W Tustm^^J_m 
Ore Chem 1988.53.3: 2406-2409. (b) Postm^. P. E Sdtramel. r 

Carmichael, J. Br. J. Cancer 1998, 78 (SuppldJ.^i Konwalinka. G. J. 
I.: Kelly, T.; Schirmer. M.; Geisen. F. H; Vogel. KpnwalmM, 
Hepatol. IMS. 28, 504^509. (e) Aapro. M. S.; Martin C. Hatty, b. Ana 
Cancer Drugs 1998,9. 191.-201- j.p^^ey J. B.; McKeever. 

idTtlkezy^sltori.E...Becker.D^^^^ 
65, 93-97. (c) Kupczyk-Subotkowska. 1^; Siahaan, T- f ^d CA«m 
iwedman. H. S.; Hi^s, P. E.; Song, D.; Gallo M Me'^^^j 
1997, 40, 1726-1730. (d) Guo, Z. W.; Ma J. G.. Adams, A., ^ 
M. Proc. Am. Assoc. Cancer iJes. 1999, 40, 58^ 

(3) Koppel, G. A.; Kennedy. G. D.; Armour. H. K., Scott, W. 1.. r,ur 
Patent 0272891A2, 1987. 



PER Ugands may be covalentiy coupled to compound 
1 at 4-NH2 3'-0H, and 5'-OH positions directly or via a 
li^er. All Conjugates linked at these c^erent posi 10ns 
are potentiaUy interesting because they may possess 
different PER binding affinities and cy^to^city Many 
different protection/deprotection strategies of nucleoside 
S^nomers have been established.* In those strategies 
however, multiple protecting reagents were employed to 
reTch th; goal. We disclose here that the terf-butoxycar- 
bonyl Boc) group serves as an useful selective pr^tectog 
group in gemcitabine derivative synthesis All three 
SoZproteLd and three diprotected gemcitabine denva- 
tives (2-7) were prepared, respectively, in good yield by 
employing one single commonly used protecting reagent 
TteMyl dicarbonate (DEDC) under different condi- 
tions The usefuhiess of this strategy was demonstrated 
bv*e synthesis of three PER ligand-gemcitabme con- 
•ugltesTupled at4-NH„ 3'-0H, and 5'-0H respec ive^ 
(^1 to 16), in high yield and in a relatively simple 
manner. 

Results and Discussion 

When DEDC was added to a solution of la in dioxane- 
aaueous NaOH, three products formed in 10 min, and 
the product profile changed over time. The structures of 
S:?hree products were detormuied in -Pa-te -Pe- 
ments as 3'-0-Eoc-gematabme 2) 3 f -O-di Boc^em 
citabine (3), and 5'-0-Boc-gemcitabine (4)^Thuj v^o^^^ 
conditions and procedures were studied to achieve seiec 

i^ p otection of 1 in good yield. The results are shown 
in Scheme 1. Under condition a with 1 equiv of DEDC, 2 
obtSned in 85% isolated yield, and the same product 

-^a) Greene, T. ^-P-y^^-^ir^rJ^ "A^t'TBttX 
Wiley & Sons: New ^ork; pp 50 71 ginha, N. 

Sanghvi. Y S. TetmWroni^t^ 1^^^^ ^„ 
D.; Davis. P.; Schultee, L. M., Upaanya, ^ „ y ^ma, M.; Kajino, 

36 9277-9280. (d) Hay«^7/^^',^^6-2402 fe^^ 
H.;Noyori,RJ.pr?.CW1986,6l, Z40u ^ i3i6-i319. (0 Ishido, 
B. L.; Jones, R. A. J Am. CW S^. 1982 ^ j9,g 

Y.; Nakazaki, Sakam. N ^- ^^ £^i:^l^edn,n Utt. 1977. 
2088-2098. (g) Beaucage, S. L.. Ogilvie. K. is. i eir« 
20, 1691-1694. 
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Where PK = q , 
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1a = 1 HCI 

a 
85% 
b. c 
90% 

d 
85% 
e.d 



2 
3 
4 



-►5 + 6 

48% 41% 



95% 



« (a) Dioxane-water (4/1), Na2C03, DBDC (1-5 equiv); (b) dioxane-1 M aqueous KOH (1/1), DBDC (excess); (c) dioxane, DBDC (excess), 
then 1 M aqueous KOH (1/1 to dioxane); (d) MeOH-1 M aqueous Na2C03 (1/1); (e) dioxane, TEA, DMAP, DBDC (excess); (f) dioxane, 
DBDC (excess), 37 **C. 

Table 1. Chemical Shift Data (ppm)« 
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4.42 
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6-27 


4.54 


4.02 


4.02 


3.86 
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8.20 


6.37 


5.36 


4.30 


4.00 


3.86 
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7.28 


8.02 


6-38 


5.32 


4.50 


4.55 


4.50 



^ The 600 MHz ^H NMR spectra were obtained in acetone-ds 
with 2% D2O. The position numbers are as indicated in Scheme 
1, 



profile was obtained with 5 equiv of DBDC based on TLC 
analysis. Excess DBDC was used for all the following 
experiments. A 1:1 mixture of 2 and 3 was obtained under 
condition b with excess DBDC, and the crude product 
mixtiire was converted into 3 imder condition c to give 
90% overall yield. Compound 3 was partially deprotected 
under condition d to give 4 in 85% isolated yield and 
recovered 1 in 10%. When la was treated under forced 
condition e with excess DBDC, a mixture of two nonpolar 
products formed based on TLC analysis. The structure 
of the major product was determined in a separate 
experiment as 4-N-3'-0-5'-0-tri-Boc-gemcitabine (8). The 
minor product was less polar than 8 by TLC, and its 
structure was not determined. If pyridine was used 
instead of dioxane, a similar product profile was obtained 
based on TLC analysis. The product mixture was par- 
tially deprotected under condition d to give 4-iV-5'-0-di- 
Boc-gemcitabine (5) in 48% isolated yield plus 4-N'Boc- 
gemcitabine (6) in 41% isolated yield. Finally, 4-iV-3'-0- 
Boc-gemcitabine (7) was obtained in 95% isolated yield 
by using 2 as the starting material vmder condition f. 
Interestingly, compound 8 was not detected by TLC 
analysis imder this condition. If triethylamine or diiso- 
propylethylamine was added, a mixture of 7 and 8 
formed. When la was used instead of 2*under condition 
f, no reaction occurred after 48 h based on TLC analysis, 
most likely because la is practically insoluble in dry 
dioxane. The structinre determination of compounds 2 
thru 8 was based on NMR and ESI MS. The chemical 
shift data ar^ Usted in Table 1. 
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° (a) Succinic anhydride, DIEA; (b) DCC, 1-hydroxybenzotria- 
zole; (c) TFA; (d) NaHCOs; (e) DCC, DMAP. 

PK11195 is a model himian PBR ligand^ and served 
as the PBR ligand to synthesize conjugates 14, 15, and 
16 by coupHng compound 10 with di-protected gemcit- 
abine derivatives (3, 5, and 7) followed by deprotection 
using TFA as shown in Scheme 2. Compound 10 was 
synthesized from succinic £uihydride and compound 9, 
which was prepared as described in the literature.^ To 
assign the NMR spectnmi of compound 10, it was 
compared to the spectrum of an authentic sample of 
PK11195 [Research Biochemical, Natick, MA 01760]. 
Both spectra indicated slow, rotation about the amide 
C— N bond. The structvire determination of conjugates 14, 
15, and 16 was based on ID arid 2D NMR, and FAB 

(5) (a) Newman, A H.; Luedderis, H. W. M.; Skolnick, P,; Rice, K. 
C. t/. Med. Chem. 1987, 30, 1901-1905. (b)' Walsh, D. A.; SanciUo, L. 
F,; Reese, D. L. J. Med. Chem. 1978, 21, 582-585. 
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HRMS. All NMR spectra of compounds 11-16 also 
indicated slow rotation about the amide bond and are 
available as Supporting Information with detailed peak 
assignment. The three mono-PBR ligand-gemcitabine 
conjugates were obtained in high yield, demonstrating 
the usefulness of the selective pr^tection/deprotection 
strategy disclosed here. This strategy may be appUed to 
other PBR ligand- nucleoside conjugates, and generally 
to other types of chemical conjugates involving nucleo- 
sides in which a selective linkage is required. 

Experimental Section 

Gemcitabine hydrochloride (la) was obtained from Eli Lilly 
and Co. All other reagents were commercially available. 
ACROS silica gel (35-70 fim) was used for flash chromatog- 
raphy. 600 MHz ID iR, 2D iH-^H COSY NMR spectra were 
obtained in acetone-rfe with 2% D2O. CoupHng constants are 
reported in hertz, 

3'-0-(f€rf-Butoxycarbonyl)geincitabine (2). To a stirred 
mixture of la (60 mg, 0.2 mmol) and Na2C03 (106 mg), in 4 
mL of dioxane and 1 mL of water was added DBDC (44 mg, 
0.2 mmol), and the resulting mixture stirred at 24 °C for 48 
h. After 2 mL of water was added, the mixture was extracted 
with 2 X 30 mL of EtOAc. The organic extracts were washed 
with water (5 mL) and brine (5 mL), dried over Na2S04, and 
concentrated to dryness under reduced pressure. The residue 
was subjected to flash chromatography (CH2Cl2-acetone- 
EtOH 1:1:0.02) to give 2 (62 mg, 85%), homogeneous by TLC 
(CH2Cl2-acetone-EtOH 5:4:1). NMR data are shown in 
Table 1 except a singlet (6 1.49, 9H). ESI MS m/z 364 [positive, 
(M + H)], 362 [negative, (M - H)]. 

3',5'-0-Bis(terf-Butoxycarbonyl)gemcitabine (3). To a 
stirred solution of la (600 mg, 2 mmol) in 40 mL of 1 M 
aqueous KOH was added DBDC (4.36 g, 20 mmol) dropwise 
to 40 mL of dioxane over 20 min. The reaction mixture was 
then stirred at 24 °C for an additional 40 min and extracted 
with EtOAc (3 x 80 mL). The organic extracts were washed 
with brine (2 x 10 mL), dried over Na2S04, and concentrated 
to dryness under reduced pressure. The residue was a mixture 
of 2 and 3 (about 1:1 by TLC). To a stirred clear solution of 
the above residue and DBDC (4.36 g) in 40 mL of dioxane at 
24 °C was added 40 mL of 1 M aqueous KOH. The reaction 
progress was followed by TLC. Afl^r 30 min, the reaction was 
nearly complete to give only one major product 3 that was 
extracted by a similar procedure as described above. Flash 
chromatography (CH2CI2- acetone 1:1) gave 3 (833 mg, 90%), 
homogeneous by TLC (CH2CI2- acetone -EtOH 5:4:1). NMR 
data are shown in Table 1 except two singlets (6 1.50, 9H; 1.47, 
9H). ESI MS m/z 464 [positive, (M + H)], 462 [negative, (M - 

H)]. . , 

5'-0-(terf-Butoxycarbonyl)gemcitabine (4). To a stirred 

solution of 3 (833 mg) in 40 mL of MeOH was added 40 mL of 
1 M aqueous Na2C03 at 24 ""C. The reaction progress was 
followed by TLC. After 4 h, the reaction was complete to give 
one major product 4 and a small amoimt of 1. A similar workup 
procedure as stated above for 2 gave 4 (555 mg, 85%), 
homogeneous by TLC (CH2Cl2-acetone-EtOH 5:4:1). NMR 
data are shown in Table 1 except a singlet {6 1.47, 9H). ESI 
MS m/z 364 [positive, (M + H)], 362 [negative, (M - H)]. The 
aqueous portions during the extraction were combined and 
dried under reduced pressure at 50 °C. The residue was treated 
with acetone (2 x 20 mL). The acetone filtrate was then 
concentrated. Flash chromatography on a short column (CH2- 
Cl2-acetone-EtOH 1:2:0.1) gave 1 (48 mg, 10%), and the 
NMR data are shown in Table 1. 

4-iV-5'-0-Bis(tert-Butoxycarbonyl)gemcitabine (5) and 
4-iV-(terf-Butoxycarbonyl)gemcitabine (6). To a stirred 
solution of la (90 mg, 0.3 mmol) and DMAP (5 mg) in 5 mL of 
dioxane and 5 mL of TEA was added DBDC (655 mg, 3 mmol). 
The reaction mixture was stirred at 24 °C for 18 h. Solvents 
were removed under reduced pressure. The residue was 
treated with 100 mL of EtOAc, wasbed with 5% :NaHC03 and 
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brine, dried over Na2S04, and then concentrated to dryness. 
Flash chromatography on a short column (CH2CI2- acetone 4:1) 
gave a nonpolar product mixture. To a stirred solution of the 
above mixture in 20 mL of MeOH was added 20 mL of aqueous 
1 M Na2C03 at 24 ''C. The reaction progress was followed by 
TLC, and after 4 h was completed. A similar extraction 
procedure as stated above gave a mixture of two products 5 
and 6 that were subjected to flash chromatography (CH2CI2- 
acetone-EtOH 2:1:0 to 1:1:0.02) to give compounds 5 [(66 mg, 
48%), homogeneous by TLC (CH2CI2 -acetone -EtOH 5:4:1). 

NMR data are shown in Table 1 except two singlets (6 1.51, 
9H; 1.49, 9H). ESI MS m/z 486 [positive, (M + Na)], 462 
[negative, (M - H)]] and 6 [(45 mg, 41%), homogeneous by 
TLC (CH2Cl2-acetone-EtOH 5:4:1), NMR data are shown 
in Table 1 except a singlet {6 1.51, 9H). ESI MS m/z 386 
[positive, (M + Na)], 362 [negative, (M - H)]]. 

4.iV-3'-0-Bis(ferf-Butoxycarbonyl)genicitabine (7). To 
a stirred solution of 2 (73 mg, 0.2 mmol) in 8 mL of dioxane 
was added DBDC (436 mg, 2 mmol). The reaction mixture was 
maintained at 37 °C, 250 rpm, in a rotary shaker for 70 h at 
which time the solvent was removed under reduced pressure. 
The residue was washed with 2 mL of water. The solids were 
dried and subjected to flash chromatography (CH2Cl2-acetone 
9:1 to 4:1) to give 7 (88 mg, 95%), homogeneous by TLC (CH2- 
Cl2-acetone-EtOH 5:4:1). NMR data are shown in Table 
1 except two singlets {d 1.51, 9H; 1.50, 9H). ESI MS m/z 464 
[positive, (M + H)], 462 [negative, (M - H)]. 

4-N-3'-0-5'-0-Tris(ter*-Butoxycarbonyl)gemcitabiiie (8). 
In a separate experiment under similar condition as the first 
step for the preparation of 5 and 6, 8 was isolated from the 
product mixture by flash chromatography (CH2Cl2-acetone 
9:1), homogeneous by TLC (CH2CI2- acetone 4:1). NMR data 
are shown in Table 1 except three singlets {6 1.51, 9H; 1.50, 
9H; 1.49, 9H). ESI MS m/z 564 [positive, (M + H)], 562 

[negative, (M - H)]. 

(±)-l-(2-Chlorphenyl)-iV-(l-methylpropyl)-Ar-[2-[iV-(2- 

hydroxycarbonyl-ethylcarboiiyl)aminoethyll]-3-isoqiiin- 
olinecarboxyamide (10). To a solution of dihydrochloride of 
9 (1.36 g, 3 mmol) in CH2CI2 (60 mL) and DIEA (2.09 mL), 
was added succinic anhydride (600 mg, 6 mmol), and the 
reaction mixture was stirred at 24 *=C for 1 h. An additional 
60 mL of CH2CI2 was added to the mixture that was then 
washed with 1 M HCl (2 x 20 mL) and brine (20 mL), dried 
over MgS04, and concentrated to dryness. Flash chromatog- 
raphy (CH2Cl2-acetone-HOAc 9:1:0 to 3:1:0.04) produced 
compound 10 (1.20 g, 83%), homogeneous by TLC (CH2CI2- 
acetone-HOAc 3:1:0.1). NMR d 8,20-8.10 (m, 2H), 7.90- 
7.86 (m, IH), 7.73-7.55 (m, 6H), 4.1-3.9 (m, IH), 3.7-3.2 (m, 
4H), 2.6-2.3 (m, 4H), 2.0-1.4 (m, 2H), 1.37-1.21 (m, 3H), 
0 97-0.73 (m, 3H). 2D NMR was in agreement with the 
structure. ESI MS m/z (relative intensity) 482/484 [3/1, posi- 
tive, (M + H)], 480/482 [3/1, negative, (M - H)l. 

3'-0-5'-0-Bis(fer*-Butoxycarbonyl)-4-iV-[2-[2-[A^-(l-me- 
thylpropyl)/^-[l-(2-chlorophenyl)-isoquinoline-3-carbo- 
nyllaminolethylaminocarbonyUethylcarbonyl]- 
gemcitabine (11). A reaction mixtiu-e of 3 (93 mg, 0.2 mmol), 
10 (96 mg, 0,2 mmol), DCC (83 mg, 0.4 mmol), and 1-hydroxy- 
benzotriazole hydrate (27 mg, 0.2 mmol) in CH2CI2 (10 mL) 
was stirred at 24 °C for 20 h. After an additional 50 mL of 
CH2CI2 was added, it was washed with water (10 mL) and 
brine (2 x 10 mL), dried over-Na2S04, and concentrated to 
dryness. The residue was stirred in 20 mL acetone for 1 h. 
The white solids were removed by filtration after cooled in an 
ice-bath. The filtrate was concentrated and subjected to flash 
chromatography (CH2Cl2-acetone 4:1 to 2:1) to give 11 (158 
ms 85%), homogeneous by TLC (EtOAc). NMR 6 8.23- 
8 11 (m, 2H), 8.03 (d, 7.6, IH), 7.86 (m, IH), 7,73-7.54 (m, 
6H) 7 42 (m, IH), 6.38 (m, IH), 5.33 (m, IH), 4.6-4.4 (m, 3H), 
4.2-3.9 (m, IH), 3.8-3.2 (m, 4H), 2.9-2.5 (m, 4H), 2.0-1.4 
(m 2H overlap with the following two singlets), 1.50 (s, 9H), 
1 47 (s' 9H), 1.37-1.21 (m, 3H), 0.96-0.73 (m, 3H). ESI MS 
m/z (relative intensity) 927/929 [3/1, positive, (M 4- H)], 925/ 

927 [3/1, negative, (M - H)]. 

4.N-5'-0-Bis(terf-Butoxycarbonyl)-3'-0-[2-[2-[A;'-(l-me- 

thylpropyl)^-[l-(2-chloropheiiyl)isoquinoUne-3.carbo- 
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iiyl]amino]ethylaminocarbonyl]ethylcarbonyl]- 
. gemcitabine (12). To a stirred solution of 5 (46 mg, 0.1 mmol), 
10 (48 mg, 0.1 mmol), and DCC (42 mg, 0.2 mmol) in 5 mL of 
CH2CI2 was added 2 mg of DMAP, and the resulting mixture 
was stirred at 24 °C for 2 h. After an additional 55 mL of CH2- 
CI2 was added, it was washed with 20 mM, pH 7 phosphate 
buffer (2 x 20 mL) and brine (2 x 20 mL), dried over Na2S04, 
and concentrated to dryness. The residue was stirred in 12 
mL acetone for 1 h. The white solids were removed by filtration 
after being cooled in an ice-bath. The filtrate was concentrated 
and subjected to flash chromatography (EtO Ac— acetone 1:0 
to 9:1) to give 12 (82 mg, 88%), homogeneous by TLC (EtOAc). 
m NMR <5 8.2-8.02 (m, 3H), 7.88 (m, IH), 7.80-7.54 (m, 6H), 
7.28 (d, 7,6, IH), 6.40 (m, IH), 5.48 (m, IH), 4.6-4.4 (m, 3H), 
4.1-3.9 (m, IH), 3.8-3.2 (m, 4H), 2.8-2.4 (m, 4H), 2.0-1.4 
(m, 2H, overlap with the following two singlets), 1.51 (s, 9H), 
1,47 (s, 9H), 1.37-1,21 (m, 3H), 0.96-0.73 (m, 3H), ESI MS 
m/z (relative intensity) 949/951 [3/1, positive, (M + Na)l, 925/ 
927 [3/1, negative, (M - H)]. 

.d-A^rS -OTBis(tert-Butoxycarbonyl)-5'-0-[2-[2-[Ar-(l-me- 
thylpropyl)^-[l-(2-chlorophenyl)isoquinoline-3-carbo- 
nyl]amino]ethylaminocarbonyl]ethylcarbonyl]- 
gemcitabine (13). To a stirred solution of 7 (46 mg, 0,1 mmol), 

10 (48 mg, 0.1 mmol), and DCC (42 mg, 0.2 mmol) in 5 mL of 
CH2CI2 was added 2 mg of DMAP. The resulting mixture was 
stirred at 24 °C for 2 h. After an additional 55 mL of CH2CI2 
was added, it was washed with 20 mM, pH 7 phosphate buffer 
(2 X 20 mL) and brine (2 x 20 mL), dried over Na2S04, and 
concentrated to dryness. The residue was stirred in 12 mL of 
acetone for 1 h. The white solids were removed by filtration 
after cooled in an ice-bath. The filtrate was concentrated and 
subjected to flash chromatography (CH2Cl2-acetone 9:1 to 4:1) 
to give 13 (80 mg, 86%), homogeneous by TLC (CH2CI2- 
acetone 4:1). NMR d 8.22-8.10 (m, 3H), 7.88-7.56 (m, 7H), 
7.36-7.28 (m, IH), 6.39 (m, IH), 5,38 (m, IH), 4.61-4.36 (m, 
3H), 4.1-3.9 (m, IH), 3.7-3.2 (m, 4H), 2.8-2.3 (m, 4H), 2.0- 
1.4 (m, 2H, overlap with the following two singlets), 1,49 (s, 
9H), 1.48 (s, 9H), 1,36-1.20 (m, 3H), 0,95-0.72 (m, 3H). ESI 
MS m/z (relative intensity) 949/951 [3/1, positive, (M + Na)], 
925/927 [3/1, negative, (M - H)]. 

4-Ar.[2-[2.[iV-(l-Methylpropyl)^-[l-(2-chlorophenyl)- 
isoquinoline-3-carbonyl] amino] ethylaminocarbonyl] - 
ethylcarbonylj-gemcitabine (14). To a stirred solution of 

11 (130 mg) in 10 mL of CH2CI2 at 0 °C was added 10 mL of 
TFA. The reaction reached completion in 1 h at the same 
temperature. The solvents were evaporated, and the residue 
was treated with EtOAc (2 x 30 mL) and 10 mL of 5% aqueous 
NaHCOa. The organic extract was washed with 10 mL of 
NaHCOa and brine (2 x 10 mL), dried over Na2S04, and 
concentrated. Crystallization fi-om EtOAc gave 14 (85 mg, 84%) 
in two portions, homogeneous by TLC (CH2Cl2-acetone-EtOH 
5:4:1). ^H NMR 6 8.31 (d, 7.6, IH), 8.23-8.12 (m, 2H), 7.87 
(m, IH), 7.75-7.55 (m, 6H), 7.48 (m, IH), 6.27 (t, 7.3, IH), 
4.43 (m, IH), 4.15-3.70 (m, 4H), 3.6-3.2 (m, 4H), 2.9-2.5 (m. 



4H), 2,1-1.4 (m, 2H), 1.36-1.20 (m, 3H), 0.96-0.72 (m, 3H). 
2D NMR was in agreement with the structure. ESI MS m/z 
(relative intensity) 727/729 [3/1, positive, (M + H)], 725/727 
[3/1, negative, (M - H)], FAB HRMS [M + H] calcd for C35H38- 
CIF2N6O7 727.2459, found 727,2447. 

3'-0-[2-[2-[Ar-(l.Methylpropyl)^-[l-(2-chlorophenyl)- 
isoquinoline-3-carbonyl] amino] ethylaminocarbonyl]- 
ethylcarbonylj-gemcitabine (15), To a stirred solution of 
12 (80 mg) in 5 mL of CH2CI2 at 0 °C, 5 mL TFA was added. 
The reaction reached completion in 1.5 h at the same temper- 
ature. The solvents were evaporated, and the residue was 
treated with EtOAc (50 mL) and 5 mL of 5% aqueous NaHCOa. 
The organic extract was washed with 5 mL of NaHCOa and 
brine (2x5 mL), dried over Na2S04, and concentrated. 
CrystalUzation from EtOAc gave 15 (55 mg, 88%), homoge- 
neous by TLC (CH2Cl2-acetone-EtOH 5:4:1). ^H NMR d 
8.24-8.11 (m, 2H), 7.90-7.80 (m, 2H), 7.75-7.56 (m, 6H), 6.35 
(m, IH), 6.03 (d, 7,4, IH), 5.49 (m, IH), 4.26-3,75 (m, 4H), 
3.7-3.2 (m, 4H), 2.8-2.3 (m, 4H), 2.0-1.42 (m, 2H), L37- 
1.19 (m, 3H), 0.96-0.73 (m, 3H). 2D NMR was in agreement 
with the structure, ESI MS m/z (relative intensity) 727/729 
[3/1, positive, (M + H)], 725/727 [3/1, negative, (M - H)], FAB 
HRMS [M + H] calcd for CgsHasClFgNeOv 727.2459, found 
727.2443. 

5'.0-[2-[2-[Ar-(l-Methylpropyl)^-[l-(2-chlorophenyl)- 
isoquinoline-3-carbonyl] amino] ethylaminocarbonyl]- 
ethylcarbonyl]gemcitabine (16). To a stirred solution of 13 
(68 mg) in 5 mL of CH2CI2 at 0 ^'C was added 5 mL of TFA, 
The reaction reached completion in 12 h at the same temper- 
ature. The solvents were evaporated, and the residue was 
treated with EtOAc (50 mL) and 5 mL of 5% aqueous NaHCOa. 
The organic extract vvas washed with 5 mL of NaHCOa and 
brine (2x5 mL), dried over Na2S04, and concentrated. 
Crystallization from EtOAc gave 16 (48 mg, 90%), homoge- 
neous by TLC (CHzCk-acetone-EtOH 5:4:1). ^H NMR S 
8.24-8.11 (m, 2H), 7.91-7.56 (m, 8H), 6.30 (brs, IH), 6.11- 
5.90 (m, IH), 4.55-4.3 (m, 3H), 4.14 (m, IH), 4.08-3.92 (m, 
IH), 3.6-3.3 (m, 4H), 2,7-2.4 (m, 4H), L96-1.42 (m, 2H), 
1.37-1.19 (m, 3H), 0.97-0.72 (m, 3H). 2D NMR was in 
agreement with the structure. ESI MS m/z (relative intensity) 
727/729 [3/1, positive, (M + H)], 725/727 [3/1, negative, (M - 
H)]. FAB HRMS [M -h H^calcd for C35H38CIF2N6O7 727,2459, 
found 727.2461. 

Acknowledgment, NMR spectra obtained by Fox 
Chase Cancer Center's Spectroscopy Support Facility. 
Partial funding provided by NIH Core grant CA-06927. 

Supporting Information Available: ID ^H NMR spectra 
of compounds 2-8 and 10-16, and 2D ^H-^H NMR spectra 
of compounds 10 and 14-16. This material is available free 
of charge via the Internet at http://pubs.acs.org. 

JO9911140 



EXHIBIT 17 

ORIGINAL ARTICLE 



Annals of Nuclear Medicine Vol. 13, No. 3, 169-174, 1999 

Evaluation of In-Ill DTPA-paclitaxel scintigraphy to predict response 

on murine tumors to paclitaxel 

Tomio Inoue,****** Chun Li,** David J. Yang,* Tetsuya Higuchi,****** Noboru Oriuchi,*'**** 
Dongfang Yu,* Luka Milas,*** Nancy Hunter,*** Sidney Wallace,** 
E, Edmund Kim* and Donald A. Podoloff* 



Departments of "^Nuclear Medicine, **Diagnostic Radiology, and Experimental Radiotherapy, 
The University of Texas, M.D. Anderson Cancer Center, Houston, USA 
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Our goal was to determine whether scintigraphy with ' '*In-DTPA-pacIitaxel could predict the 
response to chemotherapy with paclitaxel. Methods: Ovarian carcinoma (OCA 1), mammary 
carcinoma (MCA-4), fibrosarcoma (FSA) and squamous cell carcinoma (SCC VII) were inoculated 
into the thighs of female C3Hf/Kam mice. Mice bearing 8 mm tumors were treated with paclitaxel 
(40 mg/kg). The growth delay, which was defined as the time in days for tumors in the treated groups 
to grow from 8 to 12 mm in diameter minus the time in days for tumors in the untreated control group 
to reach the same size, was measured to determine the effect of paclitaxel on the tumors. Sequential 
scintigraphy in mice bearing 10 to 14 mm tumors was conducted at 5, 30, 60, 120, 240 min and 24 
hrs postinjection of ' * *In-DTPA-paclitaxeI (3.7MBq) or * * 'In-DTPA as a control tracer. The tumor 
uptakes (% injection dose/pixel) were determined. Results: The growth delay of OCA 1, MCA-4, 
FSA and SCC VII tumors was 13.6, 4.0, -0.02 and -0.28 days, respectively. In other words, OCa 
1 and MCA-4 were paclitaxel-sensitive tumors, whereas FSA and SCC VII were paclitaxel- 
resistant tumors. The tumor uptakes at 24 hrs postinjection of In-1 1 1 DTPA paclitaxel of OCA 1, 
MCA-4, FSA and SCC VII were 1 .0 x 10"^ 1 .6 x 10"^ 2.2 x 10"^ and 9.0 x lO'^ % injection dose/ 
pixel, respectively. There was no correlation between the response to chemotherapy with paclitaxel 
and the tumor uptakes of * '*In-DTPA-paclitaxel. Conclusions: Scintigraphy with "'In-DTPA- 
paclitaxel could not predict the response to paclitaxel chemotherapy. Although there was significant 
accumulation of the paclitaxel in the tumor cells, additional mechanisms must be operative for the 
agent to be effective against the neoplasm. '**In-DTPA-paclitaxel activity is apparently different 
from that of paclitaxel with Cremophor. 

Key words: In-1 1 1 DTPA-paclitaxel, paclitaxel, chemotherapy 



INTRODtfCTION 

It has long been the hope that scintigraphy would be 
useful for therapeutic drug monitoring (TDM), which is 
now conducting by measuring the concentration in blood' 
but the concentration of an anti-cancer agent does not 
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predict the effect on tumor cells. Scintigraphy with 
radiopharmaceuticals demonstrates the in vivo biodistri- 
bution of an anti-cancer drug as well as the characteristics 
of drug resistance.^ Can we expect a good response if a 
radiolabeled cytotoxic agent shows sings of high tumor 
uptake on scintigraphy? 

Paclitaxel exerts its cytotoxic effects through its inter- 
ference with microtubule assembly,^ '* and is active against 
a broad range of cancers that are considered to be refrac- 
tory to conventional chemotherapy.^-^ If radiolabeled 
paclitaxel could predict the response to paclitaxel and 
select those patients to be treated, much expense and time 
would be saved. 
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Fig. 1 The growth curves in mice treated and untreated with paclitaxel (40 mg/kg). OCA 1 (a) and 
MCA-4 (b) tumors responded to paclitaxel but FSA (c) and SCC VII (d) tumors did not have sensitivity 
to paclitaxel. 
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We developed ' ' *In-DTPA-paclitaxeI at the University 
of Texas, M.D. Anderson Cancer Center^ and present 
preliminary data in the evaluation of tumor uptake of the 
agent correlated with response to therapy in various tumor 
cell lines in mice. 

MATERIALS AND METHODS 

C3Hf/Kam female mice (20-25 g), bred and maintained 
in a pathogen-free mouse colony in the Department of 
Experimental Radiotherapy of the University of Texas, 
M.D. Anderson Cancer Center, were used.^ The mice 
were 3 months old at the beginning of the experiments and 
were housed 4-5 per cage. The animal models studied in 
this experiment were the fourth generation isotransplants 
of mammary carcinoma (MCA-4 tumors), the seventh 
generation isotransplants of ovarian carcinoma (OCA I), 
the fifth generation isotransplants of fibrosarcoma (FSA) 
and squamous cell carcinoma (SCC VII).^"'^ Tumor cells 
were implanted in the muscle of the right thigh of mice by 
the inoculation of 5 x 10^ viable tumor cells confirmed by 
trypan blue exclusion and phase microscopy. 



Fig. 2 The scintigrams with '*'[n-DTPA-pacliiaxel in tumor 
bearing mice; MCA-4 (a), FSA (b) and with ' ' ' In-DTPA in mice 
with MCA-4 tumor (c). The images with ' "in-DTPA-pacIitaxel 
revealed the liver uptake and excretion of ' * 'In-DTPA-paclitaxel 
into the intestine through the hepatobiliary tract. In contrast to 
the images with In-DTPA that showed rapid clearance from 
the tumor (c), the retention of "'In-DTPA-paclitaxel in MCA- 
4 and FSA tumors were observed on the scintigrams with ' "In- 
DTPA-paciitaxel (a, b). 



Tumor growth assays were conducted by measuring 
three orthogonal tumor diameters with vernier calipers 
daily or every other day. When the tumors grew to 8 mm 
in average diameter, the mice were divided into two 
groups, (I) control and (2) treated with paclitaxel, of 5 
mice each. A single dose of paclitaxel was given intra- 
venously at a dose of 40 mg equiv, paclitaxel/kg body 
weight. Paclitaxel was first dissolved in absolute ethanol 
with an equal volume of cremophor. This stock solution 
(30 mg/m/) was further diluted (I : 4 by volume) with 
sterile physiological solution within 10 min of injection. 
In the control groups, absolute alcohol/cremophor 1 : 1 
diluted with saline (1:4) was used. After treatment, tumor 
growth was followed up until the average tumor size 
reached at least 12 mm in diameter. 

The effect on tumor regrowth was expressed as the 
absolute growth delay, defined as the time in days for 
tumors treated with paclitaxel to grow from 8 to 12 mm 
minus the time in days for tumors in the control group to 
grow from 8 to 12 mm in diameter. 

Into a solution of paclitaxel ( 1 00 mg, 0. 1 1 7 mmol) in 
dry DMF (2.2 mO was added 2 10 mg diethylenetriamine- 
pentaacetic acid (DTPA anhydride, 0.585 mmol). The 
reaction mixture was stirred at 0°C overnight. The sus- 
pension was filtered to remove unreacted DTPA anhy- 
dride. The filtrate was poured into distilled water, stirred 
at room temperature for 20 min, and the precipitate of 
DTPA-paclitaxel was collected. 

Into a 2 m/ V-vial were added successively 40 fil 0.6 M 
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sodium acetate (pH 5.3) buffer, 40 /// 0,06 M sodium 
citrate buffer (pH 5.5), 20 fil paclitaxel-DTPA solution in 
methanol (2% w/v) and 20 ^"InCb solution (37 MBq) 
in sodium acetate buffer (pH 5.5). After an incubation 
period of 30 min at room temperature, the "'In labeled 
paclitaxel-DTPA was collected in a methanol wash. After 
methanol was evaporated by passing through nitrogen 
gas, the labeled product was reconstituted in a suitable 
volume of saline. 

HPLC was used to analyze the reaction mixture and the 
purity of ' ' *In-DTPA paclitaxel: The system consisted of 
a LDC binary pump and a 100 mm x 8 mm (i.d.) Waters 
column filled with ODS 5 /im silica gel. The column was 
eluted at a flow rate of 1 m//min with a gradient mixture 
of water and methanol (gradient from 0% to 85% metha- 
nol over 15 min). The gradient system was monitored with 
a Nal crystal detector and a Spectra-Physics UV/Vis 
detector. 

When the tumors had grown to 12-14 mm in diameter, 
the mice each bearing a tumor (OCA 1 , MCA-4, FSA and 
sec VII tumor) were divided into two groups to assess 
the tumor uptakes of '*'ln-DTPA-paclitaxel or **'ln- 
DTPA as a control tracer. The mice were anesthetized by 
i.p. injection of sodium pentobarbital, followed by i,v. 
injection of 3.7 MBq of either '"in-DTPA-paclitaxel or 
'"In-DTPA. Anterior planar images of the whole body 
were obtained at 5 min, 1 , 2, 4 and 24 hrs postinjection of 
radiotracer with a single-head gamma camera equipped 
with a parallel-hole medium-energy collimator and con- 
nected to a computer. At all times, images were made with 
a 5-min preset time and stored in a 128 x 128 matrix. A 
symmetrical 20% energy window was used for both the 
173 and 247 keV energy peaks. 

Regions of interest (ROIs) were drawn over the tumor 
manually on the images obtained to measure the tumor 
uptakes of radiotracers and over the whole body on the 
image obtained at 5 min postinjection to define the total 
injection dose of radioactivity. The tumor uptake was 
defined as a percent of the injected dose per pixel (% ID/ 
pixel). The results were expressed as the mean ± standard 
error of the mean (SEM). 

The non-parametric Mann-Whitney U test was used to 
analyze data. A two-tailed p value less than 0,05 was 
considered to be a statistically significant difference. 



In-lll DTPA paclitaxel 
In-Ill DTPA 




TIME AFTER INJECTION (hours) 

Fig. 3 The time activity curves of * * *In-DTPA-paclitaxel and 
'*'ln-DTPA in MCA-4 tumor. The tumor uptakes of '**In- 
DTPA-paclitaxel decreased along with time after the injection 
but the wash-out from tumors were slower than that of '*'In- 
DTPA. 



Table 1 Results of tumor growth delay assay 



Tumor type 


Treatment 


Growth delay date 


Statistics 


MCA4 


Vehicle of Paclitaxel 


8.80 ±1.30 






Paclitaxel 


12.76 ±1.29 


p<0.01 


OCA 1 


Vehicle of Paclitaxel 


13.48 ±1.55 






Paclitaxel 


27.12 ±0,85 


p< 0.001 


FSA 


Vehicle of Paclitaxel 


3.24 ±0.24 






Paclitaxel 


3.22 ±0.25 


N.S. 


sec VII 


Vehicle of Paclitaxel 


2.70 ±0.47 






Paclitaxel 


2.42 ±0.22 


N.S. 



Each group included 5 mice. Growth delays were given as the 
duration when tumor regrowed from 8 to 12 mm in diameter. Data 
were expressed as mean and SEM. Statistics: Student's t-test or non 
parametric analysis (if SD is significant difference) 



RESULTS 

Purification with a Sep-Pak cartridge removed most of the 
'*'ln-DTPA which had a retention time of 2.7 min. A 
radiochromatogram of '"in-DTPA-paclitaxel correlated 
well with its corresponding UV chromatogram, indicat- 
ing that the peak at 12.3 min was indeed the target 
compound, Paclitaxel had a retention time of 17.1 min 
under the same chromatographic conditions. The radio- 
chemical purity of the final preparation was 90% and the 
radiochemical yield was 84%. 



Paclitaxel exerted a significant antitumor effect on 
OCA I and MCA-4 but was ineffective against FSA and 
sec VII tumors (Table I ). The absolute growth delay of 
OCA I , MCA-4, FSA and SCC VII tumors was 1 3.6, 4.0, 
-0,02 and -0.28 days, respectively. Tumor regrowth 
curves are shown in Figure I. 

The scintigrams in tumor bearing mice revealed liver 
uptake and excretion of In-DTPA-paclitaxel into the 
intestines through the hepatobiliary tract (Fig. 2). Al- 
though the images with ' "In-DTPA showed rapid clear- 
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Table 2 Results of uptake of *"ln-DTPA-paclitaxe! and ^"In-DTPA 



Tumor 



Times after injection 



0.5 hr 1 hr 2 hr 4 hr 24 hr 

MCA-4 Paclitaxel* I4.2±3.7^ 12,5±2.4* I0.8±1.2* 8.4±L4^ L6±0,3^ 

n 6 6 6 6 6 

DTPA§ 15.1 ±3-4 6.610.7 3.111.3 1.910.5 0.310.1 

n 3 5 5 5 3 

OCA 1 Paclitaxel 8,510.6* 6.715.4 5.8 ±0.4* 4.311.3* 1.010.2* 

h 7 . 7 7 7 7 

DTPA 4.9 ±1.2 4.5 1L7 3.210.7 1.2103 0.310.1 

n 7 7 7 7 7 

FSA Paclitaxel 16.611.3 15.311.3* 12.810.1 9.911.7 2.210.3* 

n 6 6 6 6 6 

DTPA 18.512.5 10.710.6 not done 4.611.7 0.610.0 

n 4 4 4 4 

SCCVn Paclitaxel 16.411.3 17.311.4 18.412.0 19.112.8 9.012.0* 

n 7 7 7 5 3 

DTPA 21.117.0 19.316.5 18.216.7 16.216.0 1.210.2 

n 5 5 5 4 3 

* " *In-DTPA-paclitaxel, * % injection dose per pixel x 10"^ Data are given as mean ± standard error of mean 

* significant difference from tumor uptake of ' > *In-DTPA (p < 0.05), § * "In- DTPA 



ance from the tumor, the retention of * * ' In-DTPA paclitaxel 
was observed in tumors (Fig. 2). 

The uptake of * * ' In-DTPA-paclitaxel in OCA 1 , MCA- 
4, FSA and SCC VII tumors decreased with time after the 
injection but wash-out from the tumors was slower than 
that of 'In-DTPA (Table 2, Fig. 3). Uptakes at 24 hrs 
postinjection of In-DTPA-paclitaxel in OCA 1, MCA- 
4, FSA and SCC VII tumor were 1.0 x 10"^ 1.6 x 10-3,2.2 
X 10"^ and 9.0 x 10"^ % injection dose/pixel, respectively, 
which were significantly higher than those with In- 
DTPA as a control radiotracer (Table 2). Although OCA 
1 was the tumor most sensitive to paclitaxel, tumor uptake 
in OCA 1 tumoral 1,4 and 24 hrs postinjection of **'ln- 
DTPA-paclitaxel was significantly lower than that in 
MCA-4, FSA and SCC VII tumor. There was no correla- 
tion between the response to chemotherapy with paclitaxel 
and tumor uptake of * In-DTPA-paclitaxel (Tables 1 and 
2). 

DISCUSSION 

Assessment of the functional characteristics of the tumor 
is important in planning treatment. Anatomical informa- 
tion provided by newer imaging methods such as ultra- 
sonography (US), computed tomography (CT) and mag- 
netic resonance imaging (MRI) is not adequate. The 
nuclear medicine imaging with SPECT and PET can be 
used to monitor tumor therapy,*' *^ to evaluate tumor 
metabolism, nucleic acid synthesis and drug uptake. 
Various radiolabeled anticancer drugs have been devel- 
oped in the hope of predicting the response to chemo- 
therapy,'*"*' but the results and mechanisms predicting 
the response to chemotherapy with radiolabeled antican- 



cer drugs were in conflict. 

At first we expected that tumors with high uptake of 
' "In-DTPA-paclitaxel may respond to chemotherapy with 
paclitaxel because paclitaxel caused a dose-dependent 
decrease in the lag time for microtubule assembly.* This 
was also suggested by an in vitro study showing that the 
paclitaxel-resistant cells, Jl.TI cell line, which have a 
multidrug-resistance (MDR) phenotype, accumulated only 
10% of -'H labeled paclitaxel found in the paclitaxel 
sensitive cells.'^ '^ All 4 tumor cell lines used in our study 
showed specific uptakes of ' " In-DTPA-paclitaxel, and in 
general there was no difference between paclitaxel sensi- 
tive OCA 1 and MCA-4 tumors and paclitaxel resistant 
SCC VII and FSA tumors in the uptake of ' ' 'In-DTPA- 
paclitaxel. The antineoplastic mechanism of paclitaxel 
mainly stabilizes tubulin polymerization resulting in the 
arrest of mitosis and apoptotic death of tumor cells. Since 
paclitaxel has a binding site on the microtubules, this may 
be the mechanism of '"In-DTPA-paclitaxel tumor up- 
take.' Although modification of the chemical structure of 
paclitaxel by labeling ' "In and DTPA may cause a change 
in the mechanism of paclitaxel tumor uptake, we have 
confirmed that DTPA paclitaxel has antineoplastic action 
on OCA 1 and MCA-4 tumors like paclitaxel (unpub- 
lished data). Paclitaxel-resistant tumors (SCC VIl tumor) 
also exhibited mitotic arrest after injection of paclitaxel 
although it did not have an antitumor action after mitotic 
arrest,^^ which is consistent with a significant uptake of 
'"In-DTPA-pacIitaxel in SCC VII tumors. The accumu- 
lation of paclitaxel in the tumor cells is undoubtedly a 
prerequisite but not sufficient for successful treatment. 
Tumor uptake of '" In-DTPA-paclitaxel reflects the accu- 
mulation of paclitaxel by tumor cells, but the degree of 
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accumulation does not reflect the tumor cell sensitivity. It 
is quite possible that some cellular factors determine 
whether paclitaxel will be cytotoxic to tumor cells. 

Although scintigraphy with *"ln-DTPA-paclitaxel 
failed to predict tumor response to the chemotherapy with 
paclitaxel, it may be useful in predicting drug toxicity as 
does *^^I-labeled digoxin.^' In contrast to the lipophilic 
characteristics of paclitaxel, *'*In-DTPA paclitaxel is 
water soluble and may therefore provide different 
biodistribution than paclitaxel. There was high liver up- 
take and hepatobiliary excretion, similar to paclitaxel 
metabolism and its excretion route. Although hepatic 
metabolism, biliary excretion and fecal elimination ap- 
pear to be responsible for most of the systemic clearance, 
the optimal dose of paclitaxel for patients with liver 
dysfunction has not been determined,^ Even if the same 
race of tumor bearing mice, C3Hf/Kam female mice, was 
employed in this study, there was a significant difference 
in liver uptake at 24 hr postinjection (Fig. 2a, b).^ Scin- 
tigraphy may help to optimize chemotherapy for patients 
with hepatic dysfunction by monitoring the hepatobiliary 
clearance of ' "In-DTPA-paclitaxel. 

Further study to assess the mechanism of tumor uptake 
of * ' *In-DTPA-paclitaxel is needed to determine the use- 
fulness of scintigraphy with this compound. It is specu- 
lated that there would be no therapeutic effect of paclitaxel 
if there is no significant uptake of In -DTP A- paclitaxel 
in tumors- 
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Preclinical study 

Synthesis of [^""Tcjethylenedicysteine-colchicine 
for evaluation of antiangiogenic effect 

Fereshteh Zareneyrizi, David J Yang, Chang-Sok Oh, Seyfettin llgan, Dong-Fang Yu, 
Wayne Tansey, Chun-Wei Liu, E Edmund Kim and Donald A Podoloff 

Divisions of Diagnostic Imaging, University of Texas UD Anderson Cancer Center, Houston, TX 770; 
USA. 



Angiogenesis is in part responsible for tumor growth and the 
development of metastasis. Radiolabeled angiongenesis 
inhibitors would be useful to assess tumor microvasculature 
density. Colchicine (COL), a potent antiangiogenic agent, is 
known to inhibit microtubule polymerization and cell arrest at 
metaphase. This study aimed to develop ^^^Tc-labeled COL 
(EC-COL) using ethylenedicysteine (EC) as a chelator to 
assess tumor microvascular density. EC was conjugated to 
trimethylcolchicinic acid using N-hydroxysuccinimide and 1- 
ethyl-3-dimethylaminopropyl carbodiimide as coupling 
agents with a yield of 50-60%. /n v/Vo stability was analyzed 
in rabbit serum at 0.5-4 h. Tissue distribution and planar 
imaging studies of [^^'"TcJEC-COL were evaluated in breast 
tumor-bearing rats at 0.5, 2 and 4 h. The data was compared 
to that using {®^c]EC (control). The radiochemical yield of 
[®^nc]EC-COL was greater than 95%. (^""TcJEC-COL was 
stable in rabbit serum, in vivo biodistributton of [^""TclEC- 
COL in breast tumor-bearing rats showed increased 
tumor-to-blood (0.52 ±0.1 2 to 0.72 ±0.07) and tumor-to- 
muscle (3.47 ±0.40 to 7.97 + 0.93) ratios as a function of 
time. Conversely, tumor-to-blood values showed a time- 
dependent decrease with [^"Tc]EC over the same time 
period. Planar images confirmed that the tumors could be 
visualized clearly with [^^"'Tc] EC-COL from 0.5 to 4 h. 
[®^"Tc]EC-COL may be useful to assess antiangiogenic and 
therapeutic effects during chemotherapy. It ^999 LIppincott 
Williams & Wilkins.] 

Key words: Antiangiogenesis, colchicine, [^cjethylene- 
dicysteine, tumor imaging. 



Introduction 

Angiogenesis is in part responsible for tumor growth 
and the development of metastasis. Antimitotic 
compounds are antiangiogenic and are known for 
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their potential use as anticancer drugs. These com- 
pounds inhibit cell division during the mitotic phase of 
the cell cycle. Microtubules are involved during the 
biochemical process of ceUular functions, such as ceU 
division, cell motility, secretion, ciliary and flagellar 
movement, intracellular transport, and the mainte- 
nance of cell shape. It is known that antimitotic 
compounds bind with high affinity to microtubule 
proteins (tubulin), disrupting microtubule assembly 
and causing mitotic arrest of the proliferating cells. 
Thus, antimitotic compounds are considered as 
microtubule inhibitors or as spindle poisons. 

Many classes of antimitotic compounds control 
microtubule assembly-disassembly by binding to 
tubulin. Compounds such as colchicinoids interact 
with tubulin on the colchicine (COL) binding sites and 
inhibit microtubule assembly. Among colchicinoids, 
COL is an effective anti-inflammatory drug used to 
treat prophylaxis of acute gout. COL is also used in 
chronic myelocytic leukemia. Although colchicinoids 
are potent against certain types of tumor growth, the 
clinical therapeutic potential is limited due to inability 
to separate the therapeutic and toxic effects.^ How- 
ever, COL may be useful as a biochemical tool to assess 
ceUular functions. Therefore, we developed a radio- 
labeled COL for the assessment of biochemical process 
on tubulin functions. 

Due to favorable physical characteristics as well as 
extremely low price, ^"^c have been preferred to 
label radiopharmaceuticals. Several compounds have 
been labeled with ^^"^c using nitrogen and sulfur 
chelates.^'^ Bis-aminoethanethiol tetradentate ligands, 
also called diaminodithiol compounds, are known to 
form very stable Tc(V)0 complexes on the basis of 
efficient binding of the oxotechnetium group to two 
thiolsulfur and two amine nitrogen atoms. '^^""Tc-L.L- 
ethylenedicysteine (f^^"'Tc]EC) is a recent and suc- 
cessful example of N2S2 chelates. EC can be labeled 
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with *^^"Tc easily and efficiently with high radio- 
chemical purity and stability, and is excreted through 
the kidney by active tubular transport." 

In this report, synthesis and breast tumor imaging 
potential using a new [*^*^'"Tc] EC-COL were evaluated. 



Materials and methods 

The nuclear magnetic resonance (NMR) and mass 
spectral analysis were conducted at the University of 
Texas Health Science Center (Houston, TX) NMR 
spectra were recorded on a Bruker 200 MHz Spectro- 
meter. The mass data were obtained by fast atom 
bombardment on a Kratos MS 50 instrument (Eng- 
land). Sulfo-A^-hydroxysuccinimide (Suifo-NHS) and 1- 
ethyl-3-(3-dixnethylaminopropyl) carbodiimide-HCl 
(EDO were purchased from Pierce (Radford, IL). All 
other chemicals were purchased from Aldrich (Mil- 
waukee, WI). Silica gel coated thin-layer chromatogra- 
phy (TLQ plates were purchased from Whatman 
(Clifton, NJ). '^"^c-pertechnetate was obtained from a 
commercial '^Mo/^^^'Tc generator (Ultratechnekow 
FM; Mallinckrodt Diagnostica, Holland). 



Synthesis of L,L-ethylenedicysteine (EC) 

EC was prepared in a two-step synthesis according to 
the previously described methods. ^'^ The precursor, l- 
thia2olidine-4-carboxyIic acid, was synthesized (m.p. 
195''C, reported 196-197°C). EC was then prepared 
(m.p. 237''C, reported 251-253°C). The structure was 
confirmed by *H-NMR and mass spectroscopy (FAB- 
MS) m/z 268 (M^, 100). 



Synthesis of (amino analog of COL) 
COL-NH2 

The demethylated amino and hydroxy analog of COL 
was synthesized according to the previously described 
methods.**^ Briefly, COL (4 g) was dissolved in 100 ml 
of water containing 25% sulfuric acid. The reaaion 
mixture was heated for 5 h at \0(fC. The mixture was 
neutralized with sodium carbonate. The product was 
filtered and dried over a freeze dryer, and yielded 2.4 g 
(70%) of the desired amino analog (m.p. 153-155''C, 
reported 155-157''C). Ninhydrin (2% in methanol) 
spray indicated the positivity of the amino group of 
COL-NH4. The structure was confirmed by *H-NMR 
and mass spectroscopy (FAB-MS). *H-NMR (CDCI3) 
6 8.09 (S, IH), 7.51 (d, lH,y=12 Hz), 7.30 (d, IH, 
7=12 Hz), 6.56 (S, IH), 3-91 (S, 6H), 3 85 (m, IH), 3-67 



(S, 3H), 2.25-2.52 (m, 4H). m/z 308.2(M^, 20), 307.2 
(100). 



Synthesis of EC-COL 

Sodium hydroxide (2 N, 0.2 ml) was added to a stirred 
solution of EC (134 mg, 0.50 mmol) in water (5 ml). 
To this colorless solution, sulfo-NHS (217 mg, 
1.0 mmol) and EDC (192 mg, 1.0 mmol) were added. 
COL-NH, (340 mg, 2.0 mmol) was then added. The 
mixture was stirred at room temperature for 24 h. The 
mixture was dialyzed for 48 h using a Spectra/POR 
molecular porous membrane with cut-off at 500 
(Spectrum Medical Industries, Houston, TX). After 
dialysis, the product was frozen dried using a 
lyophihlizer (Labconco, Kansas City, MO). The pro- 
duct weighed 315 mg (yield 55%). 'H-NMR (D2O) 6 
139 (S, IH), 7.20 (d, IH, 7=12 Hz), 7.03 (d, IH, 
J=12 Hz), 6.78 (S, IH), 4.25-4.40 (m, IH), 3.87 (S, 
3H,-OCH3), 3 84 (S, 3H,-OCH0, 3-53 (S, 3H,-OCH3), 
3.42-3.52 (m, 2H), 3.05-3-26 (m, 4H), 2.63-2.82 (m, 
4H), 2.19-2.25 (m, 4H). FAB MS m/z 580 (sodium salt, 
20), The synthetic scheme of EC-COL is shown in 
Figure 1. 



Radiolabeling of EC-COL and EC with 

Radiosynthesis of [^^c] EC-COL was achieved by 
adding the required amount of ^^"^c-pertechnetate 
into a home-made kit containing the lyophilized 
residue of EC-COL (5 mg), SnCl2 (100 //g), NazHPO^ 
(I3.5 mg), ascorbic acid (0.5 mg) and NaEDTA 
(0.5 mg). The final pH of the preparation was 7.4. 
[^"™Tc]EC was also obtained by using a home-made kit 
containing the lyophilized residue of EC (5 mg), SnCl2 
(100 /xg), Na2HP04 (13-5 mg), ascorbic acid (0.5 mg) 
and NaEDTA (0.5 mg) at pH 10. The final pH of the 
preparation was then adjusted to 7.4. Radiochemical 
purity was determined by TLC GTLC SG; Gelman 
Sciences, Ann Arbor, MI) eluted with ammonium 
acetate (1 M) in water:methanol (4:1). Radio-TLC 
(Bioscan, Washington, DQ was used to analyze the 
radiochemical purity for both radiotracers. 



Stability of assay of [^®"Tc]EC-COL 

The stabiUty of labeled [''^''"'Tc] EC-COL was tested in 
serum samples. Briefly, 740 kBq of 5 mg ['^'*"'Tc]EO 
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Synthesis of f^'^'"Tc]etbylenedicysteine -colchicine 

COL was incubated in the rabbit serum (500 /il) at Tissue distribution Studies 
yi^'C for 4 h. The seaim samples were diluted with 

30% methanol in water, and radio-TLC repeated at 0.5, The animal experiments were approved by The 

2 and 4 h as described above. University of Texas MD Anderson Institutional Animal 




(3) 1 N NaOH 

EC-COL 

(4) EDC-HCI/Sulfo-NHS 



MeO 



Na®®'"Tc04/SnCl2 




[S^nc] EC-COL 



Rgure 1. Synthetic scheme of P"Tc]EC-COL. 
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Care and Use Committee (lACUC). Female Fischer 344 
rats (150 + 25 g) (Harlan Sprague-Dawley, Indianapo- 
lis, IN) were inoculated s c. with 0.1 ml of mammary 
tumor cells from the 13762 tumor cell line suspension 
(10^* cells/rat, a tumor cell line specific to Fischer rats) 
into the hind legs using 25-gauge needles. Studies were 
performed 14-17 days after implantation when tumors 
reached approximately 1 cm diameter. Rats were 
anesthetized with ketamine (10-15 mg/rat, i.p.) before 
each procedure. 

In tissue distribution studies, each animal was 
injected i.v. with 370-550 KBq of l'^^"1rc] EC-COL or 
[*^^"^c]EC (n=3/time point). The injected mass of 
['^^"Tc] EC-COL was 10 /ig per rat. At 0.5, 2 and 4 h 
following administration of the radiotracers, the rats 
were sacrificed, and the selected tissues were excised, 
weighed and coimted for radioactivity. The biodistri- 
bution of tracer in each sample was calculated as 
percentage of the injected dose per gram of tissue wet 
weight (%ID/g). Tumor/non-target tissue count density 
ratios were calculated from the corresponding %ID/g 
values. Student's Mest was used to assess the 
significance of differences between groups. 



Scintigraphic imaging studies 

Scintigraphic images, using a y-camera (Siemens 
Medical Systems, Hoffman Estates, IL) equipped with 
a low-enei^, parallel-hole collimator, were obtained 
0.5, 2 and 4 h after i.v. injection of 300 plC\ of 
['^-"^cj EC-COL and ['^'^""TcjEC. A computer outlined 
region of interest (ROI) was used to quantitate (counts 
per pixel) the tumor uptake versus normal muscle 
uptake. 



Results 

Radiosynthesis and stability of 
[^nc]EC-COL 

Radiosynthesis of EC<:OL with ^'^"^c was achieved 
with high (>95%) radiochemical purity (Figure 2). 
[^"^c]EC-COL was found to be stable at 0.5, 2 and 
4 h in rabbit serum samples. No degradation products 
were observed. 



Eluant ammonium acetate (1 M):methanol (4:1) 
Radiochemical of (^^'"]TcEC-CoL 97% 





Figure 2. Radio-TLC of [®^"Tc]EC-COL. 
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In vivo biodistribution 

The in vivo biodistribution of ['^'^"Tc] EC-COL and 
['^^"'TcJEC in breast tumor bearing rats is shown in 



Synthesis of f^'^'"Tc/ethylenedicyst€ine-colchicine 

Tables 1 and 2. Tumor uptake values (%ID/g) of 
^^"'TclEC-COL at 0.5, 2 and 4 h was 0.436 ±0.089, 
0.395 ±0.1 54 and 0.221 ±0.006 (Table 1), whereas 
those for ^^"'TclEC were 0.342 ±0.163, 0.1 15 ±0.002 



Table 1. Biodistribution of [^^""Tc] EC-COL in breast tumor 
bearing rats^ 



Blood 

Lung 

Liver 

Spleen 

Kidney 

Muscle 

Stomach 

Uterus 

Thyroid 

Tumor 



30 min 



2 h 



4 h 



0.837 ±0.072 
0.636 ±0.056 
1.1 59 ±0.095 
0.524 ±0.086 
9.705 ±0.608 
0.1 29 ±0.040 
0.484 ±0.386 
0.502 ±0.326 
3.907 ±0.997 
0.436 ±0.089 



0.606 ±0-266 
0.407±0.151 
1.051 ±0.213 
0.559±0.143 
14.065 ±4.007 
0.071 ±0.032 
0.342 ±0.1 50 
0.343 ±0.370 
2.297 ±0.711 
0.395 ±0.1 54 



0.307 ±0.022 
0.1 94 ±0.009 
0.808 ±0.084 
0.358 ±0.032 
11.097±0.108 
0.028 ±0.004 
0.171 ±0.123 
0.133±0.014 
1.709 ±0.776 
0.221 ±0.006 



^Each rat received f^c]EC-COL (10 //Ci, i.v.). Each value is the 
percent of injected dose per gram tissue weight {n=3)Ame interval. 
Each data represents mean of three measurennents with SD, 



Table 2. Biodistribution 
bearing rats^ 



of [^^""TclEC in breast tumor 



Blood 

Lung 

Liver 

Spleen 

Kidney 

Muscle 

Stomach 

Uterus 

Thyroid 

Tumor 



30 min 



2 h 



4 h 



0.435 ±0.029 
0.272 ±0.01 9 
0.508 ±0.063 
0.1 18 ±0.008 
7.91 4 ±0.000 
0.060 ±0.006 
0.1 36 ±0.060 
0.21 8 ±0.036 
0.21 9 ±0.036 
0.342 ±0.1 63 



0.211 ±0.001 
0.1 44 ±0.002 
0.286 ±0.073 
0.075 ±0.002 
9.116±0.053 
0.028 ±0.009 
0.038 ±0.027 
0.076 ±0.000 
0.1 06 ±0.003 
0.1 15± 0.002 



0.1 49 ±0.008 
0.1 20 ±0.01 2 
0.234 ±0.01 6 
0.067 ±0.003 
7.834 ±1.018 
0.01 9 ±0.001 
0.043 ±0.001 
0.074 ±0.020 
0.083 ±0.005 
0.097 ±0.005 



^Each rat received [®^c]EC (10 ;/Ci, i.v.). Each value is the 
percent of injected dose per gram tissue weight (n=3)/time interval. 
Each data represents mean of three measurements with SD. 



[Q^nc] EC-COL 

10.0 



8.0 



I 6.0 



4.0 - 



2.0 






Tumor-to-blood 



Tumor-to-muscle 



Figure 3, Tumor-to-blood and tumor-to-muscle count density ratios of [^^"Tc]EC-GOL in breast tumor bearing rats as a 
function of time. Data are expressed as the mean±SE for ^3 rats per group. 
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and 0-097 ±0.005. respectively (Table 2). Increased 
tumor-toblood (0.52 ±0.1 2 to 0.72 ±0.07) and tumor- 
to-muscle (3-47 ± 0.40 to 7.97 ± 0.93) ratios as a function 
of time were obserx ed in [*^^"Tcl EC-COL group (Figure 



3). Conversely, tumor-to-blood and tumor-to-muscle 
values showed a time-dependent decrease with 
J wnvp^j EC when compared to the [''^'^'^c] EC-COLgroup 
over the same time period (Figure 4). 




[^ncl EC-COL (1 h post-injection) 




Figure 5. Anterior view of breast tumor bearing rats 
receiving [^"^c]EC-COL (300 /iCi, i.v.) showed that there 
was tumor uptake at 1 h post-injection. 



[^®'"Tc]EC-COL (control) (1 h post-injection) 




Figure 6. Anterior view of breast tumor bearing rats 
receiving [®^"Tc]EC (300 //Ci. i.v.) showed that there was 
less tumor uptake at 1 h post-injection compared to 
[^"^c]EC-COL. 
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Figure 7. Computer outlined ROI comparison of tumor-to-background ratios between [^"TcJEC-COL and [^^"TcJEC in breast 
tumor bearing rats. 



Gamma scintigraphic imaging of 
[®^"Tc]EC-COL in breast tumor bearing 
rats 

fn vivo imaging studies in three breast tumor bearing 
rats at 1 h post-administration indicated that the tumor 
could be visualized weU with the [^^"^c] EC-COL 
group (Figure 5), whereas less tumor uptake in the 
['^"^c]EC group was observed (Figure 6). The 
computer outlined ROI showed that tumor/back- 
ground ratios in the [^"™Tc] EC-COL group were 
significantly higher than the [^^"^c]EC group (Figure 
7). 



Discussion 

L)ue to better imaging characteristics and lower price, 
attempts are made to replace the '^^I-, ' ^'^Ga- and 
In-labeied compounds with corresponding '^'^"^c- 
labeled compounds when possible. Verbruggen et aL 
reported that EC can be labeled with '^^"Tc very easily 



and efficiently at room temperature with high radio- 
chemical purity, and the preparation remains stable for 
at least 8 h7 Because of the reported labeling capacity 
and rapid renal clearance, EC was selected to 
synthesize a new ^"^c-labeled COL. EC-COL was 
prepared using a relatively simple and fast chemistry. A 
labeling kit was also developed. Radio-TLC results with 
the [^"^c] EC-COL kit confirm the high radiochemical 
purity and stability in serum. 

In the tissue distribution studies, although no 
significance difference of tumor-to-blood uptake be- 
tween [^^"^c]EC-COL and ['^^c]EC groups was 
observed, there was a significantly increased tumor- 
to-tissue uptake ratio as a function of time within the 
(»^^c]EC<:OL group. Planar imaging of ['^-^"TcJEC- 
COL demonstrated the feasibility to image tumors at 
1 h post-injection. 

The development of new ligands to assess the anti- 
tubulin effect is clinically desirable for the assessment 
of treatment outcome. Microtubules are involved in 
the biochemical process of cellular fijnctions. Micro- 
tubulin is associated with cell mitosis and angiogen- 
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esis. Antimitotic compounds such as vincristine and 
COL bind with high affinity to microtubule proteins 
(tubulin), disrupting microtubule assembly and caus- 
ing mitotic arrest of the proliferating cells. In addition 
to disrupted microtubule depolymerization, COL also 
induced apoptotic cell death.'*'*" Apoptosis (pro- 
grammed cell death) occurs during the treatment of 
cancer with chemotherapy and radiation. Assessment 
of apoptosis would be useful to evaluate the efficacy of 
therapy such as disease progression or regression. 

In summary, this study demonstrates the feasibility 
of using ['^^"^c] EC-COL for in vivo imaging of breast 
tumors. The fmdings support further studies on 
determining treatment outcome by monitoring disease 
progression using [^Tc] EC-COL and correlating 
histopathological fmdings associated with apoptosis. 
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IMAGING TUMOR FOLATE RECEPTORS USING 
RADIOLABELED FOLATE AND METHOTREXATE 

D.J. Yan^. ^S. Zakko, 'J. Boulfelfel, 'H.A. Shamsi^SJOgan, D-F Yu, 
L.W. Tansey, C-WLiu, F. Zare, E. E. Kim, D.A. Podoloff 

University of Texas M.D. Anderson Cancer Center, Houston, TX and 

^Dubai Hospital, Dubai, U.A.E. 

Key Words: folate receptor, imaging, Tc-99m, In-111 

It is known that membrane folic acid receptors are responsible for 
cellular accumulation of folate and folate analogs such as methotrexate 
and overexpressed on various tumor cells. However, these receptors are 
highly restricted in normal differentiated tissues. (1-3) Results of 
limited in vitro and in vivo animal studies suggest that folate receptors 
could be a potential target for tumor imaging. This study aimed to 
develop a ^^""Tc-labeled folic acid using ethylenedicysteine (EC) as a 
chelator and an In-111 labeled DTPA-methotrexate (DTPA-MTX) to 
image tumor folate receptors in vivo. 

EC was prepared in a two-step synthesis according to the 
previously described methods. (4-6) EC was than conjugated to 5- 
aminoethylamino folic acid (7) using water soluble carbidiimide. Tissue 
distribution of ^^"^Tc-EC-folate was determined in breast tumor-bearing 
rats at 20 min, 1, 2, and 4 h (n=3/time interval, 370 KBq/rat, i.v.). 
Blocking study was employed to determine receptor-mediated process; 
^^""Tc-EC-folate was co-administrated with 50 and 150 )i,mol/kg of cold 
folic acid to tumor-bearing rats. Planar imaging and whole-body 
autoradiograms were performed. The data was compared to that using 
99mrp^ (coutrol). lu auimal studies, tumor/blood count density ratios 
at 20 min-4 h increased from 0.81+0.09 to 1.23+0.13 with ^^^Tc-EC- 
folate. Conversely, these values showed time-dependent decrease from 
0.77±0.32 to 0.65±0.01 with ^^'"Tc-EC in the same time period. 
Tumor/muscle and tumor/blood count density ratios significantly 
decreased with folic acid co-administrations. Planar images and 
autoradiograms confirmed that the tumors could be visualized clearly 
with """Tc-EC-folate. 

DTPA-MTX was synthesized by reacting ethylenediamine with 
MTX, yielded 82%. The resulting amino analogue of MTX was reacted 
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with DTPA dianhydride in basic aqueous solution followed by dialysis 
(cut-off M.W. 500), yielded 85%. Tissue distribution was conducted in 
breast tumor-bearing rats (induced by 13762 cell line, 10^ cells/rat, s.c. 
at hind legs) at 0.5, 2, 24 and 48 hours (n=3/time interval, 10 jiCi/rat, 
iv). Planar imaging and autoradiograms were performed at 0.5, 24 and 
48 hours, The data was compared to ^^^In-DTPA (control). Preliminary 
clinical trial was conducted in a patient with bone fracture. In animal 
studies, tumor/blood count density ratio at 0.5-48 hours was ranged 
0.8+0.32 to 2,2±0.41 for '^'In-DTPA-MTX; and 0.56+0.10 to 1.19+0.69 for 
^^^In-DTPA, respectively. Tumor uptake value (% ID/g) of ^^^In-DTPA- 
MTX at 0.5 hour was 0.3±0.13. Planar images and autoradiograms 
demonstrated that, the tumors could be visualized well. 

Preliminary clinical study in a patient with bone fracture showed 
high uptake with ''"^Tc-MDP and no uptake with '^^'Tl chloride and '''In- 
DTPA-MTX. High uptake in kidneys was observed both in animals and 
human. This could be due to folate reabsorption in the renal proximal 
tubules. Our findings indicate the feasibility of using ^^"^c-EC-folate 
and ^^^In-DTPA-MTX to image tumors through a folate receptor- 
mediated process. 
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Short Communication 

PGP9.5 As a Candidate Tumor Marker for 
Non-Small-Cell Lung Cancer 



Kenji Hibi,* William H. Westra,*"^ Michael Borges.* 
Steve Goodman * David Sidransky,** and 
Jin Jen** 

From the Department of Otolaryngology- Head and Neck Surgery, 
Division of Head and Neck Cancel' Research' and the 
Departments of Pathology^ and Oncologyr Joh ns Hopkins 
University School of Medicine, Baltimore, Maryland 



PGP9.5 is a neurpspecific |>eptide that functions to 
remove ubiquitin from ubiquitinated proteins and 
prevents them from targeted degradation by protea- 
somes. Using the serial analysis of gene expression 
method (SAGE), we observed that the PGP9.5 tran- 
script was highly expressed in primary lung cancers 
and lung cancer cell lines but was not detectable in 
the normal lung. Here we examined the expression of 
PGP9.5 protein in normal lung epithelium, lung tu- 
mor cell lines , and 98 resected primary non-small-cell 
lung carcinomas (NSCLCs). We found PGP9.5 reactiv- 
ity in normal lung in a pattern compatible with K- 
: cells of the diffuse neuroendocrine system. However, 
the PGP9.5 was present in both small-cell lung cancer 
(SCLC) and NSCLC cell lines (22/24) independent of 
neuronal differentiation. In primary NSCLCs, 54% 
(53/98) of the cases had positive PGP9.5 staining, and 
the expression of protein was strongly associated 
with pathological stage of the cancer. It was present 
in 44% (29/66) of stage I NSCLCs and in 75% (24/32) of 
stage n and IIIA NSCLCs (p - 0.0032). These insults 
suggest that the increased expression of PGP9.5 is 
specifically associated with lung cancer development 
and may serve as a potential marker for the detection 
of lung cancer. (Am J Pathol 1999, 155:711-715) 

Lung cancer Is the second most common malignancy 
worldwide and is the leading cause of cancer death in 
men.'' Accumulating evidence indicates that a series of 
genetic changes in dominant oncogenes such as myc 
and ras are involved in the pathogenesis of human lung 
cancer.^'^ Several other candidate oncogenes have also 
been implicated.'*-^ It is now clear that the accumulation 
of multiple genetic changes in a tumor leads to major 



differences involving altered expression of many genes.® 
Recently, using the serial analysis of gene expression 
(SAGE) method, we showed that the PGP9.5 (protein 
gene product 9.5) gene had no detectable expression in 
normal lung tissues but was frequently overexpressed in 
primary non-small-cell lung tumors/ 

PGP9.5 is a ubiquitin hydrolase widely expressed in 
neuronal tissues at all stages of neuronal differentia- 
tion.^^ Ubiquitination of cellular proteins and targeting 
them for subsequent degradation via ubiquitin-mediated 
proteolysis is potentially an important mechanism that 
regulates celt cycle genes. In tumors, increased de- 
ubiquitination of cyclins by PGP9.5 could contribute to 
the uncontrolled growth of somatic cells. 

To better characterize the role of PGP9.5 in lung can- 
cer, we first studied PGP9.5 expression in normal lung 
and a panel of lung cancer cell lines with defined neu- 
roendocrine (NE) differentiation. Next, we examined the 
expression of PGP9.5 in 98 resected primary non-small- 
cell lung cancers (NSCLCs), using immunohistochemis- 
try and correlated PGP9.5 expression in tumors with the 
clinicopathological features of affected patients. 



Materials and Methods 
Tissue Specimens 

All lung cancer cell lines were obtained from the Ameri- 
can Type Culture Collection. (ATCC) and propagated ac- 
cording to the provided instructions. Formalin-fixed and 
paraffin-embedded tumor samples from consecutive pa- 
tients who had undergone resections of NSCLCs with 
curative intent were retrieved from the Surgical Pathology 
files of the Johns Hopkins Hospital (JHH). Information 
regarding tumor stage, tumor recurrence, and patient 
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survival was obtained from the medical records, includ- 
ing the JHH Tumor Registry files. 

Northern Blot Analysis 

Cell lines used for Northern blot analysis were collected 
after trypsinization and lysed immediately in Trizol re- 
agent (GIBCO BRL, Gaithersburg, MD). Normal lung total 
RNA was extracted by the GuSCN method and purified 
by CsCI gradient ultracentrifugation as described/ Ten 
micrograms of RNA was separated on a 1 .5% denaturing 
agarose gel and transferred to Gene Screen membrane 
(DuPont. Boston. MA). A PGP9.5 cDNA probe was iso- 
lated from an EST clone (no. 268107) obtained from 
Genome Systems (Huntsville. AL). Northern blot hybrid- 
ization using the PGP9.5 cDNA probe was performed as 
described.^ 

Western Blot Analysis 

Twenty micrograms of cell lysates was separated on a 
4-20% sodium dodecyl sulfate gradient gel and trans- 
ferred to a polyvinylidene difluoride membrane (Micron 
Separations, Westborough. MA). After the nonspecific 
sites were blocked by incubation in phosphate-buffered 
saline + 5% nonfat dry milk (NFDM). the blot was incu- 
bated with the polyclonal rabbit antiserum against 
PGP9.5 (Biogenesis. Sandown. NH) at 1 :400 dilution for 2 
hours at room temperature. After washing, an ECL kit 
(Amersham, Arlington Heights, !L) was used to visualize 
the antibody binding to PGP9.5 protein. 

Immunohistochemical Analysis 

Six-/i,m sections were made from paraffin tissue blocks, 
and the slides were dried at 60°C for 30 minutes, treated 
with xylenes, and then dehydrated in alcohol. Endoge- 
nous peroxidase was blocked with 0.3% H^Oz- Micro- 
wave treatment was performed for 4 minutes in Antigen 
Retrieval Glyca solution (Biogenex. San Ramon, CA), 
because it has been shown that the immunoreactivity of 
PGP9.5 was markedly enhanced by this method. ""^ After 
blocking with normal goat serum, the slides were incu- 
bated with the polyclonal rabbit antiserum against 
; PGP9,5 (Biogenesis) at 1:1000 dilution for 2 hours at 
room temperature. Vectastain ABC Kit and DAB Sub- 
strate Kit (Vector. Burlingame. CA) were used to visualize 
the antibody binding, and the sections were counter- 
stained with hematoxylin. 

Immunohistochemical staining for PGP9-5 was inter- 
preted by an experienced pathologist (W.H.W.). For con- 
trol studies, HeLa and HI 57 lung cancer cell lines were 
used as negative and positive controls. The PGP9.5 sta- 
tus of these two cell lines was confirmed by Northern and 
Western analysis^ (data not shown). Optimized condi- 
tions were then used for the immunostaining of primary 
lung cancer specimens. In all cases, small nerves in the 
tissue sections served as a positive internal control, and 
desmoplastic stroma served as a negative internal con- 
trol for PGP9.5 staining. Only cytoplasmic staining above 



background levels was regarded as specific staining. All 
immunohistochemical slides were initially reviewed to as- 
sess the range of this PGP9.5 immunoreactivity with re- 
spect to intensity and distribution of staining. Two pat- 
terns were recognized: 1) the tumor was uniformly 
nonimmunoreactive; or 2) moderate to strong immunore- 
activity approaching the intensity seen in the internal 
control (ie, nerves) was uniformly present throughout 
most (ie, >70%) of the tumor. Accordingly, tumors were 
subsequently scored as either negative or positive, 
based on the total absence or generalized presence of 
specific staining. To correlate the distribution of the scat- 
tered PGP9.5-positive cells in the normal bronchial epi- 
thelium with the distribution of the neuroendocrine K- 
cells, lung sections from two independent cases were 
incubated with a monoclonal antibody against chromo- 
granin (Boehringer Mannheim. Indianapolis. IN; 1:2000 
dilution). 

Statistical Analysis 

The test was used to examine the association between 
the PGP9.5 expression status and clinicopathological 
features. 



Results 

Expression ofPGP9,5 Protein in Normal Lung 
Tissues 

We have previously observed that the PGP9.5 message 
was frequently detected in lung carcinomas, but was not 
detectable in normal lung by Northern analysis or reverse 
transcription-polymerase chain reaction methods.^ This 
result suggested that PGP9.5 protein expression could 
potentially be used as a marker for lung cancer. To better 
characterize the cell type origin and the timing of PGP9.5 
expression, an immunohistochemical approach was 
used to localize PGP9.5 protein expression in the normal 
lung and the tumor samples. As shown in Figure 1A, the 
majority of the normal lung epithelial cells were negative 
by PGP9.5 staining. In sections of nonneoplastic lung. 
PGP9.5 staining was restricted to nerves and a few iso- 
lated cells scattered throughout the bronchial epithelium. 
The positive staining of neurons is consistent with the fact 
that PGP9.5 is a neuron-specific peptide widely ex- 
pressed in neuronal tissue.^ The PGP9.5-positive cells 
scattered throughout the nonneoplastic bronchial epithe- 
lium were reminiscent of the neuroendocrine K-cells, 
based on their morphological appearance and pattern of 
distribution.^^ 

To determine the histological origin of these scattered 
PGP9.5-positive cells, we stained parallel sections from 
two cases with chromogranin. a well-characterized 
marker of neuroendocrine differentiation.^^ As shown in 
Figure IB, chromogranin-positive cells showed the same 
location and tissue distribution as the PGP9.5-positive 
cells. This result suggests that, in nonneoplastic lung, 
PGP9.5 protein expression is restricted to cells of the 
dispersed NE system. 
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Figure 1. Immunohistochemical staining of lung tumor and adjacent lung 
tissue for PGP9.5 and chromogranin. A: POP9.5 staining w present in Isolated 
cells dispersed tfiroughoui tlie normal bronchial mucosa (an-ow). B: Chro- 
mogranin staining is present in the compatible popuIaUon of cells as seen in 
A (arrow). C: Example of PGP9.5 staining in lung cancer. 



PGP9,5 Expression Is Independent ofhASHI 
Status in Lung Cancers 

Because a majority of small-cell lung cancers and a 
portion of the NSCLCs often exhibit features of NE differ- 
entiation, we next tested whether PGP9.5 overexpression 
was associated with lung cancers of NE lineage. A panel 
of established lung cancer cell lines with hASH1 status 
was used for this study. hASH1 is a transcription factor 
essential for the NE development of the human lung. ""^ As 
shown in Figure 2 (upper panel). PGP9.5 message was 
abundantly detected in both small-cell lung cancer 
(SCLC) and NSCLC cell lines regardless of hASHI status. 



hASHI 




B-Actin 



PGP9.5 



Figure 2. PGP9.5 expression in lung cancer cell lines with defined hASHI 
status. PGP9.5 transcript was not detectable in either nonnal lung or an 
embryonic lung cell line (L132) but was expressed in all lung cancer cell 
lines. Tlie hASHI status is indicated at the top. H358 had a weak PGP9.5 
message compared lo other cell lines. The lower panel shows a Western blot 
using the anti-PGP9.5 antibody. Note that all tumor cell lines except H358 
had PGP9.5 protein. Tlie ^-aain control was u.sed to normalized .sample 
loading. The histological subtypes of the ceil lines are: LI 32, embrv-onic lung; 
HS2, H249, OMS53, and H146, small cell carcinoma; H125, adenocarcinoma; 
HI 57 and H520, squamous cell carcinoma; H1299 and Hn55, large cell 
caR-inoma; H358, bronchoalveolar carcinoma; H727; carcinoid; HI 770, neu- 
roendocrine carcinoma. 



Similarly, the PGP9.5 protein was detected in nearly all- 
cell lines that expressed the gene (Figure 2, lower panel). 
Although there was a faint message in H358 by Northern 
analysis, no PGP9.5 protein was detectable for this sam- 
ple. Furthermore, no PGP9.5 product was obtained by 
reverse transcription-polymerase chain reaction in this 
case, indicating that the message was probably rear- 
ranged or unstable and could not serve as a template for 
protein translation. Thus the expression of PGP9.5 ap- 
pears to be present in NSCLC in the absence of NE 
differentiation, as well as SCLC frequently derived from 
NE cells of the lung. 

Association ofPGP9,5 Expression with 
Patlnological Stage in NSCLC 

To seek the role of PGP9.5 expression in NSCLC. we 
examined the presence of PGP9.5 protein in the tumors 
of 98 NSCLC patients, using immunohistochemistry. The 
clinicopathological features of the patients and the re- 
suits of PGP9-5 staining are shown in Table 1. Overall. 
54% (53/98) of NSCLCs were positive by PGP9.5 stain- 
ing, and the intensity of the staining was uniform and 
consistent for almost ail cases (Figure 1C). Seventy-two 
percent (26/36) of squamous cell carcinomas were 
stained positive for PGP9.5, whereas only 41% (22/54) of 
adenocarcinomas had positive PGP9.5 staining (p = 
0.0066). These results are consistent with previous re- 
ports which showed that squamous cell. carcinomas were 
more likely to be PGP9.5-positive than adenocarcinomas 
of the lung.''® ''® However, when the clinical stage of the 
patients was considered, the PGP9,5-positive rate for 
stage II and tllA patients was significantly higher than 
those with stage I disease (p = 0.0074) (Table 1). 



Discussion 

PGP9.5 was first isolated as a specific cytoplasmic 
marker for neurons and NE cells.^'^^ About 10-15% 
NSCLCs demonstrate NE features by electron micros- 
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Table 1. Clinicopathological Features and PGP9.5 Expression in 


Primarv^ NSCLC 








Clinicopathological 






PGP9.5 expression 




feature 


Variable 


No. of cases 


+ 




p value* 


Sex 


Male 


61 


37 (61%) 


24 (39%) 




Histology 


Female 


37 


16(43%) 


21 (57%) 


0-14 


Adenocarcinoma 


55 


22 (41%) 


32 (59%) 






Squamous cell carcinoma 


36 


26 (72%) 


10(28%) 


<0.01^ 


Tumor stage 


Others 


8 


5 (63%) 


3 (37%) 




1 


66 


29 (44%) 


37 (56%) 




Vital status 


II and IIIA 


32 


24 (75%) 


8 (25%) 


<0.01 


Alive 


26 


11 (42%) 


15(58%) 






Dead 


72 


42 (58%) 


30 (42%) 


0.24 


Median follow-up time 


. 41 months 






Total 




98 


53 (54%) 


45 (46%) 





V test. 

■•"PGPQ.S expression in adenocarcinoma versus squamous ceil carcinoma. 



copy or imnnunohistochennistry, despite the absence of 
NE features by light nnicroscopy. Therefore, it was possi- 
ble that PGP9.5 expression in these cancers may have 
simply reflected their NE status. Indeed, PGP9.5 had 
been used as a marker of NE differentiation for lung 
tumors. However, discordant staining patterns between 
PGP9.5 and other neuroendocrine markers have often 
been observed. ^^-^^ In our study, hASHl was used as a 
marker of neuroendocrine differentiation, because ho- 
mozygous disruption of the hASHl gene in mouse pre- 
vents the development of pulmonary NE cells. How- 
ever, most lung tumor cell lines expressed high levels of 
PGP9.5, regardless of hASHl gene expression. There- 
fore, our results suggested that expression of PGP9.5 in 
lung cancers is independent of NE differentiation. 

Functionally. PGP9.5 belongs to the ubiquitin car- 
boxyi-terminal hydrolase (UCH) family.® The UCH fam- 
ily has conserved Cys and His domains common to 
yeast and mammalian ubiquitin hydrolases.^^-^^ it is 
becoming increasingly clear that these enzymes are a 
part of the cellular proteolytic pathway that regulates 
many cellular processes, including cell cycle progres- 
sion and cell death. Several other studies have 
shown that some UCH family members are overex- 
pressed in different tumors and can potentially be on- 
cogenic. For example, the tre'2 gene was identified as 
one of the UCH family proteins. The expression of tre-2 
is not detectable in normal tissues but becomes ele- 
vated in a variety of tumor cells. Another UCH family 
gene, Unph, was isolated as a human homolog of the 
murine Unp protooncogene.^^ Overexpression of mu- 
rine Unp gene leads to oncogenic transformation of 
NIH3T3 cells, and the expression level of this gene is 
also elevated in lung tumors. ^^-^^ The results of our 
current study also suggest that the expression of 
PGP9.5 in lung cancer may play a causative role in the 
oncogenic transformation of human lung epithelial 
cells, because 1) PGP9.5 shares conserved domains 
with the members of ubiquitin hydrolase family, several 
of which are potential oncogenes; 2) PGP9.5 expres- 
sion is not present in the normal lung epithelium, but 
becomes activated sometimes during the course of 
neoplastic transformation; and 3) expression of PGP9.5 
is closely associated with advanced stages of NSCLC. 



Although further studies will be needed to elucidate the 
downstream target of deubiquitination by PGP9.5 and 
to better understand the molecular mechanism of 
PGP9.5 overexpresson in lung cancer development, 
the frequent occurrence of PGP9.5 expression in 
NSCLC makes it a potential marker for the detection of 
this disease. 
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In-frame deletions from the E-cadherin mRNA, cod- 
ing for a homophiiic cell adhesion molecule, are 
characteristic for difftise-type gastric carcinomas. Us- 
ing immunohistochemical analysis the mutant form 
cannot be distinguished fr*om normal E-cadherin, 
making results difficult to interpret In this study, a 
rat monoclonal antibody, designated £-cad delta 9—1 , 
was generated against a peptide spanning the fusion 
junction region between exons 8 and 10. This new 
epitope is present in an E-cadherin variant that lacks 
exon 9 from the mRNA due to different splice-site 
gene mutations. Using Western blotting and immuno- 
histochemistry of E-cadherin-transfected cells, we 
demonstrate that E-cad delta 9-1 specifically reacts 
with E-cadherin lacking exon 9 but not with the wild- 
type protein. No immunoreactivity was observed in 
31 nontumorous and embryonal tissues analyzed. In 
gastric carcinoma specimens known to express mu- 
tant E-cadherin mRNA lacking exon 9 , E-cad delta 9-1 
targets exclusively tumor cells in routine formalin- 
fixed and parafiSn-embedded material from biopsies, 
primary tumors, and lymph node metastases. In a 
retrospective series of 172 diffuse-type gastric carci- 
nomas expressing E-cadherin, E-cad delta 9-1 reacted 
with 22 tumors (13%). This new tumor marker- 



monoclonal antibody system could open novel ave- 
nues for selective diagnosis and specific therapy of a 
subgroup of diffuse-type gastric cancer patients. 
(Am J Pathol J 999, 155:1 803-1 809) 

The calcium-dependent homophiiic cell adhesion mole- 
cule E-cadherin and associated catenins, cytoplasmic 
plaque proteins, link polarized epithelial cells and main- 
tain the structural integrity of an epithelial monolayer. 
Moreover, the cadherin/catenin multiprotein complex is 
implicated in developmental processes and celt signal- 
ing.''"^ Because in carcinomas the tissue architecture is 
often disorganized, E-cadherin expression has been an- 
alyzed in various tumor types typically using immunohis- 
tochemistry."* It could be demonstrated that E-cadherin 
immunoreactivity is often reduced or lost in less differen- 
tiated and invasive carcinomas,^ However, in diffuse- 
type gastric cancer, in which tumor cells generally have 
lost homophiiic cell-to-cell contacts and invade surround- 
ing tissues as single cells, E-cadherin immunoreactivity 
was detected in many cases .^"^ whereas in others it was 
found to be completely absent.® The reason for this dis- 
crepancy was unknown. The selection of the cases or the 
use of different antibodies may. at least in part, explain 
these results. 

Recently. E-cadherin gene mutations that may also 
have contributed to variable immunoreactivity have been 
identified in tumor cell lines, primary tumors, and lymph 
node metastases from gastric cancer patients. Re- 
markably, in 50% of diffuse-type gastric cancer patients 
E-cadherin mutations were identified that typically re- 
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suited in in-frame deletions removing partial or complete 
exon sequences from the extracellular portion of the 
transmembrane protein or point mutations resulting in 
amino acid substitutions,^^ Complete deletion of exon 9 
from the E-cadherin mRNA is a mutational hot spot in 
diffuse-type gastric cancer which was detected in 14% 
(10/70) of the patients analyzed using reverse transcrip- 
tion-polymerase chain reaction (RT-PCR) and sequenc- 
jpjg 11-13 ^ variety of somatic splice-site gene mutations 
were identified that lead to in-frame skipping of exon 9 
from the E-cadherin mRNA. Although alternative splicing 
mechanisms are generally possible, they have not been 
detected for E-cadherin and do not account for the fre- 
quent loss of exon 9, In addition. E-cadherin in-franne 
deletion mutations were exclusively associated with ma- 
lignant tissues and never seen in nontumorous gastric 
epithelium from the same patients. 

Because E-cadherin mRNA deletion mutations identi- 
fied in primary gastric tumors and lymph node metasta- 
ses do not interrupt the reading frame, ""^ the mutated 
protein may stilt be integrated into the plasma membrane 
although parts of its extracellular domain are altered. 
These structurally changed portions of the molecule 
could serve as possible targets for monoclonal antibod- 
ies. Numerous monocionai antibodies have been gener- 
ated against E-cadherin. ^^-^^ [However, using current an- 
tibodies, it was impossible to differentiate between 
normal or altered forms of the expressed E-cadherin 
protein. Here we report the generation and characteriza- 
tion of E-cad delta 9-1, a rat monoclonal antibody that 
specifically reacts with mutant E-cadherin lacking exon 9 
and that does not recognize the wild-type protein. In a 
multicenter study we determined the frequency of this 
mutation in archival diffuse-type gastric carcinomas us- 
ing E-cad delta 9-1 . 



Materials and Methods 

Peptide Synthesis and Generation of 
Monoclonal Antibodies 

A 13-mer peptide (Pro-lle-Phe-Asn-Pro-Thr-Thr-Gly-Leu- 
Asp-Phe-Glu-Ala) was synthesized that spans the fusion 
junction between exon 8 and exon 10 from mutant E- 
cadherin lacking exon 9 and subsequently coupled to 
Keyhole limpet hemocyanin (KLH) using standard meth- 
ods. Approximately 50 of KLH-coupled peptide dis- 
solved in phosphate buffered saline and emulsified with 
Freund's complete adjuvant were injected both intraperi- 
toneally (i.p.) and subcutaneously (s.c.) into Lou/C rats. 
After a 4-week interval a final boost without adjuvant was 
given i.p and s.c. 3 days before fusion. Fusion of the 
myeloma cell line P3X63-Ag8.653 with the rat immune 
spleen cells was performed essentially as described.^® 
Hybridoma supernatants were tested in a solid-phase 
immunoassay using bovine serum albumin-coupled pep- 
tide (10 ftg/ml) adsorbed to polystyrene microtiter plates. 
Solid-phase enzyme-linked immunosorbent assay 
(ELISA) on microtiter plates coated with mouse anti-rat Ig 
antibodies was used to determine the immunoglobulin 



type with rat Ig class (anti-lgM; Zymed) and IgG sub- 
class-specific mouse monoclonal antibodies. 

Cells and cDNA Transfection 

Wild-type and mutant E-cadherin cDNA used for trans- 
fection were generated by RT-PCR from normal or malig- 
nant gastric tissue, respectively, and cloned into the ex- 
pression vector pBAT (a gift from Prof. Takeichi; inserts 
are under the control of a chicken /3-actin promoter). The 
coding regions of both cDNA constructs were confirmed 
by sequencing either to be unaltered (wild-type; se- 
quence identical to the one deposited in the EMBUGen- 
Bank database libraries, accession number Z 13009) or 
to contain an in-frame deletion of exon 9 as the only 
sequence change (exon 9 deletion). The human mam- 
mary carcinoma cell line MDA-MB-435S (ATCC) was 
transfected by the calcium phosphate coprecipitation 
method with either wild-type or mutant E-cadherin cDNA 
lacking exon 9 together with a plasmid for neomycin 
resistance. Cloning and transfection of wild-type and 




Figure 1. Western blot analysis, a: Cell extracts from various normal tissues 
(liver, pancreas, colon, duocienum, stomach, esophagus, lung, kidney) were 
analyzed using monoclonal antibody AEC (Anti-E-Cadherin, clone 36, Trans- 
duction Uib, Lexington. KY). An extract from MDA-MB435S mammary 
carcinoma ceils that were transfected with wild-type E-cadherin (E-cad \\t) 
was used xs a control. AEC reacts with a protein of approximately 120 kd, 
corresponding to normal E-cadherin, in all lanes, b; Tlie same tissues as in a 
were analyzed with the mutation-specific monocionai aniibtxJy E-cad delta 
9-1. No'cros.s-immunoreaaiviiy with these tissues was seen. An extract from 
MDA-MB-435S cells iransfeaetl with mutant E-cadherin lacking exon 9 (E- 
cad mut) was used as a positive control. Molecular weight in kd Is indicated 
on the left. 
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delta 9-1 



AEC 




Figure 2. Immunoreaaivity of fomialin-fixed 
and paraffin-embedded MDA-MIi-435S cells. 
Tlie cells were transfected witfi mutant E-cad- 
herin lacking exon 9 CMDA-del9) or with the 
wild-type cONA (MDA-wt). E-cad delta 9-1 spe- 
cifically reacts with cells transfected with mutant 
but not with cells iransfeaed with wild-type E- 
cadherin cONA (left panel). Monoclonal anti- 
body AEC reacts with cells expressing mutant 
and wild-type E-cadherin (right panel). 



mutant E-cadherln cDNA has been described in detail 
elsewhere.^*^ 

Western Blot Analysis 

Extracts from E-cadherin (wild-type/mutant) transfected 
MDA-MB-435S cells and fresh frozen samples from liver, 
pancreas, colon, duodenum, stomach, esophagus, lung, 
and kidney were prepared according to a method previ- 
ously published^^ and used for Western blot analysis. To 
detect E-cadherin protein the monoclonal antibody AEC 
(Anti-E-Cadherin. clone 36, Transduction Laboratories, 
Lexington, KY) and the mutation-specific antibody E-cad 
delta 9-1 (clone 7E6) were used. Detection was per- 
formed using a peroxidase-coupled secondary antibody 
(ECL-Western, Amersham). 

Immunohistochemical Analysis 

To proof mutation-specific E-cad delta 9-1 immunoreac- 
tivity, 5-|Am sections of formalin-fixed and paraffin-em- 
bedded MDA-MB-435S mammary carcinoma cells trans- 
fected with either wild-type or mutant E-cadherin cDNA 
(see above) were analyzed. In addition, routine formalin- 
fixed and paraffin-embedded material from four gastric 
cancer patients confirmed to express mutant E-cadherin 
mRNA lacking exon 9 in malignant tissues^ ^ were ana- 
lyzed. After microwave-based antigen retrieval with citric 
acid pretreatment.^^ sections were incubated in 1% hy- 
drogen peroxide for 15 minutes to block endogenous 
peroxidase. For detection of E-cadherin specific immu- 
noreactivity, the specimens were incubated with either 
monoclonal antibody AEC (diluted 1:1000) or E-cad delta 
9-1 (undiluted hybridoma supernatant) at room temper- 
ature for 2 hours. Bound antibodies were detected using 
the avidin-biottn-comptex (ABC) peroxidase method 
(ABC Elite Kit, Vector. Burlingame, CA). Final staining 
was developed with the Sigma FAST DAB peroxidase 



substrate kit (Sigma. Deisenhofen. Germany). Hemalaun 
was used for counterstaining. Nontumorous adult tissues 
(lung, heart, thyroid, placenta, salivary gland, bone mar- 
row, lymph nodes, adipose tissue, skin, peripheral nerve, 
connective tissue, skeletal muscle, breast, pituitary, cer- 
ebellum, cerebral cortex, esophagus, stomach, small in- 
testine, duodenum, colon, liver, pancreas, uterine endo- 
metrium, uterine cervix, ovary, tube, prostate, seminal 
vesicle, testis, epididymis) and embryonal tissues (13th 
week of pregnancy; umbilical cord, spinal cord, kidney, 
uterus, cartilage, skin, connective tissue, adipose tissue, 
colon, placenta, chorion) were analyzed in the same way 
to examine potential cross-reactivity of E-cad delta 9-1 
monoclonal antibody. A series of 322 diffuse-type gastric 
cancer samples from Munich (n = 97), Dusseldorf (n = 
117), and Tokyo (n = 108) were subsequently analyzed 
with E-cad delta 9-1. From these 322 carcinomas. 205 
tumors derived from Munich and Tokyo were analyzed 
using both AEC and E-cad delta 9-1. All tumor sections 
contained nontumorous epithelium as control. 



Results 

E-cadherin mutation-specific monoclonal antibodies 
were produced in rats against a peptide that spans the 
fusion junction generated by direct adjoining of exon 8 
and 10. Hybridoma supernatants were tested in a solid 
phase immunoassay using the specific peptide coupled 
to bovine serum albumin. Hybridoma E-cad delta 9-1 
(clone 7E6) of rat IgGI subclass was selected for further 
analysis. 



Western Blot 

To confirm specificity of the selected hybridoma and to 
determine potential cross-reactivity with nontumorous tis- 
sues Western blot analysis was performed. Extracts from 
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MDA-MB-435S mammary carcinoma cells transfected 
with either wild-type or exon 9-deleted E-cadherln and 
extracts from various fresh-frozen nontumorous tissues 
(liver, pancreas, colon, duodenum, stomach, esophagus, 
lung, kidney) were analyzed using monoclonal antibody 
ABC and E-cad delta 9-1 . The epitope reacting with AEC 
is located within the intracellular domain of E-cadherin. 
AEC revealed a major protein band at approximately 120 
kd corresponding to wild-type E-cadherin in all tissues 
that was also present in MDA-MB-435S cells transfected 
with wild-type E-cadherin (Figure la). Faster migrating 
bands most likely correspond to degradation products. 
No immunoreactivity in these tissues, however, was seen 
using E-cad delta 9-1 ; a protein band corresponding to 
mutant E-cadherin was detected only in extracts from 
MDA-MB-435S cells transfected with mutant E-cadherin 
cDNA (Figure lb). A protein band of identical molecular 
weight was seen using AEC, confirming E-cadherin spec- 
ificity (not shown). 

Immunohistochemistry 

After having demonstrated antibody specificity by West- 
ern blot we tested whether antibody E-cad delta 9-1 may 
react with formalin-fixed, paraffin-embedded E-cadherin 
transfected cells. E-cad delta 9-1 strongly stained mu- 
tant E-cadherin expressing cells, preferentially at the cell 
membrane, while wild-type expressing cells were not 
stained. In contrast, antibody AEC reacted with wild-type 
E-cadherin as well as with mutant E-cadherin expressing 
cells (Figure 2). These results indicate that the epitopes 
reacting with both antibodies are successfully unmasked 
by the procedures used. 

In subsequent immunohistochemical analysis of four 
diffuse-type gastric carcinomas (routine formalin-fixed, 
paraffin-embedded material) in which the expression of 
mutant E-cadherin mRNA lacking exon 9 was previously 
demonstrated by RT-PCR and direct sequencing/'' 
monoclonal antibody AEC reacts with nontumorous epi- 
thelial cells as well as with tumor cells in biopsies (Rgure 
3, a and b). However, the mutation-specific monoclonal 
antibody delta 9-1 exclusively labels tumor cells on serial 
sections from the same material, whereas nontumorous 
epithelial cells were not stained (Figure 3, c and d). 
Furthermore, tumor ceils expressing mutant E-cadherin 
can be identified in the primary tumors (Figure 3, e and 
h). Because virtually all tumor cells were stained, the 
mutation, at least in these cases, is most likely clonal. In 
addition, E-cad delta 9-1 reacts strongly with tumor cells 
injymphatic vessels and in lymph node metastases (not 
shown). Our results indicate that mutant E-cadherin pro- 
tein can. for the first time, be specifically detected on 
tumor cells from gastric cancer patients. 



To further examine potential cross-reactivity of anti- 
body E-cad delta 9-1 with nontumorous ceils, we ana- 
lyzed normal tissue specimens from adults as well as 
from an embryo. We have not observed any cross-reac- 
tivity of E-cad delta 9-1 in the normal tissues listed in 
Materials and Methods, 

After a rigorous demonstration that antibody E-cad 
delta 9-1 reacts only with mutant E-cadherin, even in 
archival material, the incidence of the E-cadherin variant 
lacking exon 9 in gastric cancer was determined. We 
analyzed 322 primary gastric carcinomas of the diffuse 
type from Germany and Japan. We found that 25 of them 
(8%) showed a clear reaction with delta 9-1 (Munich, 
9/97; Dusseldorf. 3/117; Tokyo. 13/108). The immunore- 
activity was detected mainly at the cell membrane as 
described above. In 205 cases immunohistochemical 
analysis with AEC was also performed. E-cadherin immu- 
noreactivity with AEC was seen in 84% (172/205) of these 
cases. From the E-cadherin-positive tumors as deter- 
mined using AEC, 13% (22/172) also reacted with E-cad 
delta 9-1. 



Discussion 

The E-cadherin exon 9 deletion variant was previously 
detected in 14% (10/70) of diffuse-type gastric cancer 
patients using RT-PCR and sequencing. ''^"^^ The gener- 
ation and characterization of monoclonal antibody E-cad 
delta 9-1 now enabled us to easily screen a large series 
of gastric cancer patients specifically for the exon 9-de- 
letion mutation. We detected 25/322 tumors expressing 
exon 9 deleted E-cadherin. The lower incidence of E-cad 
delta 9-1 -positive tumors observed in the cases derived 
from Dusseldorf may be due to the fact that exclusively 
surgically RO resected tumors were analyzed whereas in 
the Munich and Tokyo groups RO, R1, and R2 resected 
tumors were examined. The incidence of 8% is lower 
compared to the results using RT-PCR (14%) in a smaller 
series, ■'■'"''^ Possibly, RT-PCR is more sensitive than im- 
munohistochemistry, or the half-life of mutant mRNA and 
protein may be different. Furthermore, proteins interact- 
ing with E-cadherin, catenins, may be altered, potentially 
resulting in degradation of mutant E-cadherin. In some 
cases precursor processing or posttranslational modifi- 
cation may be abnormal, resulting in instability of the 
protein without affecting mRNA stability. However, when 
the incidence of the mutation was related to immunore- 
activity of E-cadherin, as determined by staining with 
AEC, a monoclonal antibody reacting with the intracellu- 
lar portion of E-cadherin, we found that 13% (22/172) of 
the tumors expressing E-cadherin were E-cad delta 9-1- 
positive (the three missing cases were not included in the 



Figure 3. Immunohisiochemiail analysis. Thus signet ring cell gastric carcinoma was pre\'iousIy confirmed to express mutant E-eacUierin mRNA lacking exon 9 
due to a somatic splice-site gene mutation.^* a-d: Biopsy. Using monoclonal antibody AEC as primary antibody, both tumor cells and nomial epithelial cells are 
stained (a, b); diflerentialion l>etwe€n cells expressing mutant or wild-ty(>e E-cadherin protein is not passible. In contrast, monoclonal antibody E-cad delta 9-1 
exclusively stains tumor cells. Nontumorous cells, including E-cadherin-expressing epitheliiil cells, are not srained (c, d). c-h: Primary tumor AEC reacts with 
normal epithelial cells as well as with tumor cells expressing mutant Eodherin Cc 0- Only tumor cells expressing abnormal E-cadherin are stained using E-cad 
delta 9-1 (g. h). Original magnifications: a, c, e. and g, XlOO; b» d, f, and h, X200 
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series of cases stained with AEC). Because AEC reacts 
with E-cadherin's cytoplasmic portion, a potential cross- 
reactivity with another member of the cadherin superfam- 
ily showing homology to this domain, P-cadherin, is con- 
ceivable. However, using a different E-cadherin- and a 
P-cadherin-specific monoclonal antibody, only 1 out of 28 
(4%) diffuse-type gastric carcinomas was found to ex- 
press P-cadherin but not E-cadherin.^ Thus. E-cadherin- 
negative tumors that express P-cadherin seem to be rare 
in this type of cancer and may not significantly interfere 
with our approximations. 

With our study E-cadherin lacking exon 9 has now 
been confirmed to be expressed exclusively in malignant 
tissues since no other tissue analyzed showed E-cad 
delta 9-1 immunoreactivity. The fact that this mutation is 
frequently found in gastric cancer patients in Europe'and 
Japan suggests that it may play a crucial role in tumori- 
genesis. Data from a functional analysis using a cell 
culture approach are in line with this hypothesis. We 
could demonstrate that mutant E-cadherin has dramatic 
effects on calcium-dependent cell adhesion, aggrega- 
tion, cell morphology, and motility, indicating that mutant 
E-cadherin contributes to the malignant phenotype. Inter- 
estingly, the mutation not only results in loss of E-cad- 
herin's cell-to-cell adhesion function, but also can act in a 
frans-dominant negative manner altering the function of 
other cadherins, eg, N-cadherin.^ 

Detectable immunoreactivity of E-cadherin in gastric 
cancer specimens using currently available antibodies 
may not in every case indicate the presence of a normal 
protein. Our mutation-specific antibody may help to re- 
solve the discrepancy between detection of E-cadherin in 
the absence of hemophilic cell-to-cell adhesion. More- 
over, other rjialignant tissues besides stomach carci- 
noma could be identified to express mutant E-cadherin 
protein. E-cadherin gene mutations have been identified 
so far in invasive lobular breast carcinoma,^^^ diffuse 
sclerosing variant of papillary thyroid carcinoma,^® and 
endometrial and ovarian carcinoma,^^ Interestingly, an 
exon 9 splice-site mutation was described in a breast 
carcinoma cell line.^® although in-frame deletion muta- 
tions are rare in breast cancer. 

Mutation-specific monoclonal antibodies reacting with 
abnormal ceil surface molecules found exclusively on 
tumor cells due to somatic gene mutations may open 
novel clinical avenues for a more specific diagnosis and 
therapy of gastric cancer: a humanized version of E-cad 
delta 9-1 could be applied to stimulate the patient's 
immune system or, after conjugating to radioisotopes, 
toxins, or drugs, it could be used to specifically target 
malignant cells in minimal residual cancer. With the mu- 
tation-specific monoclonal antibody E-cad delta 9-1 in 
hand, rapid screening of potential E-cadherin exon 9 
deletion mutations in routine biopsies can now easily be 
performed on large populations, because this antibody 
works excellently with formalin-fixed, paraffin-embedded 
material. Cancer patients who may profit from a potential 
immunotherapy using modified E-cad delta 9-1 mono- 
clonal antibody can be easily and quickly identified. 
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ABSTRACT 

^ Cytokeratins are epithelial markers whose expression is not lost during malignant 
transformation. The level of soluble cytokeratin fragment 19 was measured with an en- 
zyme immunoassay method developed by Boehringer Mannheim (Enzymum-test CY- 
FRA 21-1) in the serum of 200 male and 50 female patients with NSCLC (Non Small 
Cell Lung Cancer) lung cqdcer ( 120 planocellulare and 80 adenocarcinoma in males; 22 
planocellulare and 28 adenocarcinoma in females). The comparative group comprised 
50 young healthy males and 50 females without any clinical proof for malignancy or 
any other lung disease. 

The aim of this investigation was to find out if any possible statistical difference ex- 
ists in the serum level ofCYFRA 21-1 between patients with lung cancer and healthy 
controls, and also between different types of lung cancers. 

The mean value of serum CYFRA 21-1 in NSCLC (6.25 ng/ml) was significantly 
higher than in healthy controls (L26 ng/ml) (p < 0.001). Sensitivity for CYFRA 21-1 
(using 3,3 ng I ml, a cut-off value corresponding to a 98% specificity for healthy controls ) 
in NSCLC was 60,5%. Positive CYFRA 21-1 levels were significantly higher in patient 
with carcinoma planocellulare (66.2%) than in adenocarcinoma (52.1%). CYFRA 21-1 
levels were significantly different between squamous cell carcinoma (6.52 ng/ml) and 
adenocarcinomxi (5,86 ng/ml) (p < 0,05). Our results indicate that CYFRA 21-1 may be 
a useful tumor marker in NSCLC, especially in carcinoma planocellulare, CYFRA 21-1 
may also be useful in identification of the preoperative stages of diseases and the postop- 
erative monitoring of NSCLC. i 



Introduction 

The most frequent cause of death in 
male over 35 years of age among malig- 



nant illnesses is Ivmg cancer. In Croatia 
the rate of patients suffering of lung can- 
cer has risen in males from 39.0/100,000 
in 1970 to 85.1/100,000 in 1996 or 237%, 
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TABLE 1 

THE INCREASE IN THE NUMBER OF DEATHS CAUSED BY BRONCHOPULMONARY 
CARCINOMA IN 1970. 1980, 1990, 1994 AND 1996 IN CROATIA 



M 



Total 



Year 


No 


Rate/ 
100,000 


No 


Rate/ 
100,000 


No 


Rate/ 
100,000 


1970 


834 


39.0 


141 


6.2 


975 


22.0 


1980 


1369 


61.5 


258 


10.9 


1627 


35.4 


1990 


1944 


83.8 


341 


13.8 


2285 


47.8 


1994 


1893 


81.6 


346 


14.0 


2239 


46.8 


1996 


1973 


85.1 


417 


16.9 


2390 


50.0 



Percentage rise 
(1996/1970) 



237% 



296% 



245% 



and in females from 6.2/100,000 in 1970 
to 16.9/100,000 in 1996 or 296% (Table 
1)^. In spite of all diagnostic and thera- 
peutic methods a five year survival is 
more a hope than a rule. Considering the 
prognostic and therapeutic viewpoint 
squamous cell carcinoma, adenocarcino- 
ma and large-cell carcinoma behave simi- 
lar, and are all pooled into a group named 
non small cell lung cancer (NSCLC)^. The 
squamous cell carcinoma comprises 40 - 
50% of all cases of lung cancer. The treat- 
ment is primarily surgical and its progno- 
sis have remained almost unchanged 
over the recent years. The longitudinal 
follow up of marker values, the stage of 
the disease and response to the therapy 
will significantly contribute to future 
treatment of lung cancer. 

Cytokeratins are one of the main fami- 
lies of intermediate filaments which 
make up the cytoskeleton. Cjrtokeratins, 
and particularly CK 19, are strongly ex- 
pressed by lung cancer tissue^. Although 
cytokeratins are part of the cytoskeleton, 
some fragments might be released in the 
serum owing to cell lysis or tmnor necro- 
sis. C3rtokeratins can be detected both in 
normal as well as in malignant tissues of 
epithelial origin^. A tumor marker assay 
CYFRA 21-1 which uses two monoclonal 
antibodies (ksl9-l and KS 19-21) against 



epitopes of a water-soluble fragment of 
CK 19, was recently introduced^. 

CYFRA 21-1 is a cytokeratin 19 frag- 
ment that is soluble in serum, and seems 
to be most sensitive and specific tumor 
marker for lung cancer®'^^, and show its 
dominant value in squamous cell carci- 
noma tjrpe^^^. It is very important to 
evaluate the diagnostic specificity of the 
assay CYFRA 21-1 to define the threshold 
of upper limit for 'normality in the exam- 
ined healthy population groups, in pa- 
tients suffering d^'^ifferent types of lung 
cancer, as well as in patients with differ- 
ent stage of lung cancer^^"^^ and also in 
pre and post operative monitor- 

jj^g8,13,18,20-23 

Analysing several data obtained from 
different countries there is a set of differ- 
ent values derived as cut-off values. De- 
fined as 95% specificity was set at 3.6 
ng/ml for cytokeratin 19 fragment CY- 
FRA 21-16>7; 3.5 ng/mp8. 3 3 ng/ml pro- 
posed by Boehringer Mannheim (for 
group of 526 patients suffering from be- 
nign chest diseases)^'^^; 3.0 ng/mP^. 2.5 
ng/ml^3. 2.2 ng/mP^; 1.2 ng/ml (among 
healthy individuals n = 711) and 2.95 
ng/ml, (in a group of patients with benign 
lung disease n = 546,^^-^^ and 0.91 ng/ml 
(SD = 0.47 ng/ml; range 0.05 - 2.90 
ng/ml), a threshold of 1.9 ng/ml was cho- 
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Fig. 1. Different reference range ofCYFRA 21-1 values for healthy controls. 



sen as the upper limit of normality^^ for 
the group of healthy blood donors (Figure 
1). 

Study objective 

The aims of this st^dy were therefore 
to: 1.) confirm sensitivity and specificity 
of CYFRA21-1 in detecting non-small cell 
lung cancer (NSCLC), especially the 
squamous cell subtype; 2.) define a cut-off 
value for our examined population group; 
and 3.) evaluate whether there is any cor- 
relation between tumor stage and serum 
level of CYFRA21-1. 

Material and methods 

A blood sample was obtained from 200 
male and 50 female patients with histo- 
logically confirmed NSCLC lung cancer 
(in males: 120 with squamous cell carci- 
noma; 80 with adenocarcinoma and in fe- 
males: 22 with squamous cell carcinoma 
and 28 with adenocarcinoma), treated 
fi-om December 15**^, 1997 to April 1«S 
1998 at the Department of Thoracic Sur- 
gery, »Jordanovac« Pulmonary Hospital 
Zagreb. Besides biomarker assays, all pa- 
tients underwent a physical examination, 
fibre-optic bronchoscopy, chest radiogra- 
phy and computed tomographic scan of 
the chest, brain and liver. NSCLC was 
staged according to the International Un- 



ion Against Cancer (UICC) TNM classifi- 
cation^^. One month after surgery we re- 
peated tests on 127 patients. The compa- 
rative group comprised 50 young healthy 
males and 50 females without any clini- 
cal prove for malignancy or any other 
lung disease. 

Enzyme-immunological test for the 
quantitative determination of soluble cy- 
tokeratin 19 fragment in vitro was per- 
formed using the methodology of Boe- 
hringer Mannheim (Enzymum-test CY- 
FRA 21-1) and ES 300 immunbdiagnos- 
tics. 

Results 

A soluble cytokeratin 19 fragment use- 
ful for assessing circulating ttunor anti- 
gen in sera was tested in 200 patients 
suffering fi-om NSCLC lung cancer, at the 
time of their first diagnosis and after the 
surgical treatment, using a Enzymtma- 
test CYFRA 21-1; In 100 healthy controls 
the mean value for CYFRA 21-1 was 1.26 
ng/ml in the range of 0.01 ng/ml to 2.03 
ng/ml. The univariate analysis showed 
that the mean value of serum CYFRA 
21-1 level in NSCLC (6.25 ng/ml) was sig- 
nificantly higher than in healthy controls 
(1.26 ng/ml) (p < 0.001). Sensitivity for 
CYFRA 21-1, using 3.3 ng/ml, a cut-off 
value corresponding to a 98% specificity 
for healthy controls^-^\ in NSCLC was 
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60.5%. Positive CYFRA 21-1 level was 
significantly higher 66.2% in patients 
with squamous cell carcinoma than 52.1% 
in adenocarcinoma. The mean level of 
CYFRA 21-1 were significantly different 
between squamous cell carcinoma (6.52 
ng/ml) and adenocarcinoma (5.86 ng/ml) 
(p < 0.05). 

The patients were classified depend- 
ing on the type of carcinoma and the 
stage of diagnosis (Table 2). From 142 pa- 
tients suffering from squamous cell carci- 
noma: in 120 males 99 had a stage I and 
II, and 21 stage Ilia, while firom 22 fe- 
males 16 of them had stage I and II, and 6 
had stage Ilia. In 108 patients suffering 
from adenocarcinoma in 80 males 64 had 
a stage I and II, and 16 stage Ilia and in 
28 females 22 had stage I and II, and 6 
has stage Ilia. In our investigation the 
ratio of incidence in squamous cell carci- 
noma between males and females is 5.5 : 

I but in adenocarcinoma 2.8 : 1. 

Before the surgery patients with I and 

II stage of carcinoma had an increased 
level of CYFRA 21-1 in squamous cell car- 
cinoma 69/115 (60.0%) and in adenocarci- 



noma 35/86 (40.7%), all other values of 
CYFRA 21-1 were aroimd the reference 
range 3.3 ng/ml or slightly lower (Table 
3). At the time of diagnosis almost all 
examinees m stage Ilia (46/49, 93.9%) 
had a high level of CYFRA 21-1 and the 
values varied from 10 ng/ml to 55 ng/ml. 
Three pattients with the highest level of 
CYFRA 21-1 (over 50 ng/ml) died during 
the first month after surgery. 

One month after the surgery the level 
of CYFRA 21-1 was tested in 74 patients 
with squamous cell carcinoma (62 males 
and 12 females) and in 53 patients with 
adenocarcinoma (39 males and 14 fe- 
males). We observed the decrease of level 
of CYFRA 21-1 under the reference range 
3.3 ng/ml in 114/127 (89.76 %) patients. 



Discussion 

In our series, using the Enzymum-test 
CYFRA 21-1 (Boehringer Mannheim) us- 
ing 3.3 ng/ml cut-off values, the best re- 
sults were for NSCLC (60.5%). Positive 
CYFRA 21-1 levfels were significantly 



TABLE 2 ^ 

NUMBER OF PATIENTS DEPENDING ON TYPE OF LUNG CANCER, STAGE AND SEX 





Squamous cell carcinoma 


Adenocarcinoma 




Males 


Females 


Malss. 


Females 


Stage I and II 
Stage Ilia 
Tbtal 


99 
21 
120 


16 

6 
22 


64 
16 
80 


22 
6 
28 


Patients tested after surgery 

62 


12 


39 


14 


TABLE 3 

SERUM CYFRA 21-1 LEVEL IN PATIENTS WITH LUNG CANCER ACCORDING TO CLINICAL STAGE 




Sauamous cell carcinoma 


Adenocarcinoma 




No. of cases 
(> 3.3 ng/ml) 


Percent 


No. of cases 
(> 3.3 ng/ml) 


Percent 


Stage I and II 
Stage III a 


69/115 
25/27 


60.0% 
92.6% 


35/86 
21/22 


40.7% 
95.5% 


Total 


94/142 


66.2% 


56/108 


52.1% 
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higher in patient with squamous cell car- 
cinoma (66.2%) than in adenocarcinoma 
(52.1%). 

This study confirms that CYFRA 21-1 
has a good specificity in NSCLC but the 
lack of sensitivity in the early stages is a 
main limit for clinical applicability. The 
cut-off values 3.3 ng/ml proposed by Boe- 
hringer Mannheim seems to be too high 
for our population but also for the other 
populations as well^^"^"^. These findings 
highlight the need to re-evaluate the cut- 
off values for examined population group. 
The reference range in 100 healthy con- 
trols was 1.26 ng/ml, between 0.01 ng/ml 
and 2.03 ng/ml, and need to be confirmed 
using a greater number "of healthy con- 
trols. The different cut-off values for a 
group of patients with benign respiratory 
diseases (pulmonary tuberculosis, inter- 
stitial pneumonia etc.) miast also be con- 
sidered^'ii'i^.^i^. 

The serum level and sensitivity of CY- 
FRA 21-1 were well correlated with stag- 
ing and tumor size in squamous cell carci- 
noma^*^^^. One of the main drawbacks of 
serum tumor markers is that the highest 
level of CYFRA 21-1 are usually found 
when disease is at an advanced stage. In 
our results examinees in stage Ilia had a 
high level of CYFRA 21-1 (between 10 
ng/ml and 55 ng/ml). We can conclude 
that in advanced tumors (Ilia to IV), 
when the serum level of CYFRA 21-1 is 
higher than 50 ng/ml, there? is a high level 
risk of surgical treatment failure (in our 
cases all of them died soon after surgery). 
On the other hand a high percent of sur- 



gically treated patients show decreased 
level of CYFRA 21-1 and it seems to have 
a good survival prognosis. 
Our results indicate: 

1. ) That CYFRA 21-1 may be a useful 
tumor marker in NSCLC, especially in 
squamous cell carcinoma. 

2. ) However for our population group 
it is necessary to define the reference 
range on the higher number of healthy 
controls and it is probably lower than 3.3 
ng/ml. 

3. ) CYFRA 21-1 may also be useful in 
the identification of preoperative stages 
of the disease and the postoperative mo- 
nitoring of NSCLC. 

4. ) Finally, for further decisions we 
need to confirm our results on a greater 
number of patients, and also the cut-off 
values on a greater number of controls. 
We need more time for a longitudinal 
study and postoperative monitoring. 
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SERUMSKI TUMORSKI MARKER CYFRA 21-1 U DIJAGNOSTICI NSCLC 
RAKA PLUCA 



SAZETAK 

Citokeraini su epitelni markeri cija se ekspresija ne gubi za vrijeme maligne trans- 
formacije. Nivo topivog citokeratinskog fregmenta 19 mjerio se pomocu enzimskih tes- 
tova metodom Boehringer Mannheim (Enzymum-test CYFRA 21-1) u serumu od 200 
muskaraca i 50 oboljelih zena od NSCLC (Non Small Cellulare Lung Cancer) raka 
pluca od cega 120 muskaraca s planocelulamim karcinomom, 80 muskaraca s adeno- 
karcinomom, te 22 zene s planocelulamim karcinomom i 28 zena s adenokarcmomom. 
Komparativnu skupinu sacinjavalo je 50 zdravih muskaraca i 50 zdravih zena bez 
klinickog dokaza bilo kakve maligne ili druge bolesti pluca. 

Cilj je ovog istrazivanja bio utvrditi postoje U statisticki znacajne razlike u nivou 
CYFRA 21-1 u serumu izmedu zdravih osoba i bolesnika oboljelih od raka pluca, te 
izmedu bolesnika oboljelih od razlicitih tipova raka pluca. • ^ o/^ 

Srednja vrijednost nivoa CYFRA 2M u serumu bolesnika s NSCLC iznosila j e 6 25 
ng/ml i statisticki je znacajno razlicita nego u zdrave populacije 1,26 ng/ml (p < 0,001). 
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Osjetljivost markera CYFRA 21-1 (koristeci granidnu vrijednost od 3,3 ng/ml koja 
odgovara 98% specifidnosti za zdravu populaciju) u NSCLC je iznosila 60,5%. Poviseni 
nivo CYFRA 21-1 markera je zapazen u 66,2% bolesnika s planocelulamim karcino- 
mom i 52,1% bolesnika s adenokarcinomom. Razlika izmedu nivoa tumorskog markera 
CYFRA 21-1 je statistidki znadajno razlidita izmedu bolesnika oboljelih od planocelu- 
larnog karcinoma (6,25 ng/ml) i u bolesnika oboljelih od adenokarcinoma (5,86 ng/ml) 
p < 0,05. Nasi rezultati ukazuju da je CYFRA 21-1 koristan tumorski marker u 
NSCLC, narocito kad je u pitanju planocelulami karcinom. CYFRA 21-1 moze biti 
koristan identifikator preoperativnog stadija, kao i postoperativnog pracenja bolesti. 
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MATRIX METALLOPROTEINASE-1 IS ASSOCIATED 
WITH POOR PROGNOSIS IN OESOPHAGEAL CANCER 

GRAEME I. MURRAY**, MARGARET E. DUNCAN^, PAULIOT O'NEIL*, JUDITH A. McKAY^ WILLIAM T. MELVIN^ AND 

JOHN E. FOTHERGILL^ 

^Department of Pathology, University of Aberdeen, Aberdeen, AB25 2ZD, U.K. 
^Department of Molecular and Cell Biology, University of Aberdeen, Aberdeen, AB25 2ZD, U.K. 

SUMMARY 

The matrix metalloproteinases (MMPs) are a family of closely related proteolytic enzjTiies which are involved in the degradation of 
different components of the extracellular matrix. There is increasing evidence to indicate that individual MMPs have an important role 
in tumour invasion and tumour spread. Monoclonal antibodies specific for MMP-I, MMP-2, or MMP-9 have been produced, using as 
immuhogens peptides selected from the amino acid sequences of individual MMPs. The presence of MMP-1, MMP-2, and MMP-9 in 
oesophageal cancer was investigated by immunohistochemistry on formalin-fixed, wax-embedded sections of oesophageal cancers. The 
relationship of individual MMPs to prognosis and survival was determined. MMP-1 was present in 24 per cent of oesophageal cancers, 
while MMP-2 and MMP-9 were present in 78 and 70 per cent of tumours, respectively. The presence of MMP-1 was associated with 
a particularly poor prognosis (log rank test 8-46, P<0 004) and was an independent prognostic factor (P=0 02). The identification of 
indi\idua] MMPs in oesophageal cancer provides a rational basis for use in the treatment of oesophageal cancer of MMP inhibitors 
which are currently undergoing clinical trial. © 1998 John Wiley & Sons, Ltd. 

J. Pathol. 185: 256-261, 1998. 
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INTRODUCTION 

Cancer of the oesophagus is one of the commonest 
mahgnant tumours of the ahmentary tract, with a world- 
wide distribution. Oesophageal cancer is characterized 
by a late clinical presentation, rapid progression, and 
very poor survival.' The reason for this poor prognosis 
is that at the time of diagnosis, oesophageal cancer 
usually shows extensive local tumour invasion 
and frequent spread to metastatic sites, particularly 
regional lymph nodes. Spread of malignant tumours 
is a multi-step process and many of the stages of 
tumour invasion require degradation or breakdown of 
the extracellular matrix and connective tissue surround- 
ing tumour cells.2^3 The matrix metalloproteinases 
(MMPs) are a family of zinc-containing enzymes^'^ 
which are involved in the degradation of different 
components of the extracellular matrix, and there is 
considerable evidence to indicate that individual MMPs 
have an important role in tumour invasion and tumour 
spread.--^ 

The MMPs have been classified into collagenases, 
gelatinases, and stromelysins, based on the in vitro 
substrate specificity of individual MMPs.^'**^ These 
MMPs are secreted as inactive precursors which are 
activated by cleavage of an N-terminal pro-peptide. 
With the exception of matrilysin (MMP-7), which has 
only a catalytic domain, the activated MMPs all have an 



♦Correspondence to: Dr Graeme L Murray, Department of Pathol- 
ogy, University of Aberdeen, Foresterhill, Aberdeen, AB25 2ZD, U.K. 
E-mail: g.i.murray@abdn.ac.uk 

Contract grant sponsor: Scottish Hospital Endowments Research 
Trusi- 

CCC 0022-3417/98/070256-06 $17 50 
© 1998 John Wiley & Sons, Ltd. 



N-terminal catalytic domain, which has structun-i simi- 
larities with the N-terminal domains of thermolysin and 
other zinc endopeptidases such as astacin/*-*^ ^j^^j g 
C-terminal domain which has homology with haemo- 
pexin.^^^^ The three-dimensional structure of the 
C-terminal domain in porcine synovial collagenase 
has been shown to be a four-bladed ^-propeller, each 
blade of which contains four anti-parallel yff-strands.*^ 
The catalytic and C-terminal domains of the MMPs 
are joined by a linker of varying length. The gelatinases 
(MMP-2 and MMP-9), which are also known as 
type IV collagenases, have an additional fibronectin- 
like, collagen binding domain inserted into the 
catalytic domain, and in MMP-9 the linker between 
the catalytic and C-terminal domains is especially 
long. More recently, several MMPs have been identified 
in tumour cells which are not secreted but are 
membrane-bound by means of a trans-membrane 
domain; these have been designated membrane-type 
MMPs.'5.i6 

The gelatinases, particularly MMP-2, appear to be 
important in the initial stages of tumour invasion,*' as 
they degrade components of the basement membrane, 
including type IV collagen. In addition, cleavage of one 
component of the extracellular matrix, laminin-5, by 
MMP-2 promotes cell migration.*^ Local invasion of 
tumours is facilitated by degradation of the extracellular 
matrix and this can be performed by several MMPs* 
particularly MMP-L^ Metastatic spread of tumour cells 
involves invasion into lymphatic and blood vessels and 
this process requires breakdown of the basement mem- 
brane surrounding these vessels. When tumour cells 
reach a metastatic site the process of invasion is 
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Fig. I — Immunoblot showing the specificity of the anti-MMP-1, anti-MMP-2 and 
anti-MMP-9 antibodies. Individual MMP pro-enzymes {OA fig of purified protein per lane) 
were subjected to SDS-PAGE and then electrophoretically transferred to PVDF mem- 
brane. (A) The membrane was immunostained with the MMP-l antibody; (B) the 
membrane was immunostained with the MMP-2 antibody; (C) the membrane was 
immunostained with the MMP-9 antibody. Lane 1, MMP-l: lane 2, MMP-3; lane 3, 
MMP-2; lane 4, MMP-9 



repeated, with basement membrane degradation of ves- 
sels followed by breakdown of the extracellular matrix.^ 
All of these steps in the metastatic cascade involve 
individual MMPs.^-^-i'' 

In this study we raised specific monoclonal antibodies 
which allowed us to investigate the presence of MMP-l 
(interstitial collagenase), MMP-2 (72 kD gelatinase), 
and MMP-9 (92 kD gelatinase) in oesophageal can- 
cer. We have shown that the presence of MMP-l is 
associated with poor prognosis and is an independent 
prognostic factor. 



MATERIALS AND METHODS 

Tbsue 

Oesophageal tumour samples {n=46) were obtained 
from oesophagectomy specimens from patients (age 
range 34-70 years; 29 males and 17 females) who had 
undergone surgery for oesophageal cancer. All speci- 
mens which had been submitted to the Department of 
Pathology, University of Aberdeen had been fixed in 
l^ormalin and embedded in wax. Histologically, there 
Were 19 squamous carcinomas and 27 adenocarcinomas, 
pne block of tumour from each case was used for 
*nimunohistochemical analysis of individual MMPs, and 
tissue sections (4/im in thickness) were cut and mounted 
on aminopropyltrieihoxysilane (Sigma, Poole, Dorset, 
*-' K.)-coated slides lo ensure section adherence. The 
adenocarcinomas had occurred in areas of Barrett's 
oesophagus. TNM staging of the tumours showed 15 
stage 2a tumours, four stage 2b tumours, 26 stage 3 
*iimours, and one stage 4 tumour. All the patients had 
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survived for at least 1 month following surgery and were 
followed up for 24-60 months. 

Monoclonal antibodies 

Monoclonal antibodies to MMP-l, MMP-2 and 
MMP-9 were produced using synthetic peptides corre- 
sponding to a region in the multiple alignment of the 
MMP sequences where unique sequences were present in 
the MMP-l, MMP-2, and MMP-9. The amino acid 
sequences used were SSFGFPRTVKH (MMP-l), 
TSLGLPPDVQRVD (MMP-2), and KLGLGADVA 
QVT (MMP-9). The peptides were synthesized at the 
Krebs Institute, University of Sheffield, Sheffield, and 
were checked by amino acid sequence analysis and mass 
spectrometry in the Protein Facility, University of 
Aberdeen. The sequences of 11, 12, or 13 amino acid 
residues were situated in the C- terminal domain of the 
MMPs, and homology modelling showed that they 
formed an external loop between the second and third 
blade of the ^^-propeller.'"* This region is distant from the 
active site of the enzymes and the pro-peptide domains, 
and its positions on the outside of the molecule makes 
it likely that anti-peptide antibodies would recognize 
the intact protein. TTie peptides were linked at their 
N-termini to hen ovalbumin as carrier protein, using 
glutaraldehyde for the MMP-2 and MMP-9 peptides'^ 
and /77-maleimidobenzoic acid 7V-hydroxysuccinimide 
ester for the MMP-l peptide, which had an N-terminal 
cysteine residue included to allow conjugation by this 
reagent. -0 The conjugates were used to immunize 
BALB-c mice for the generation of monoclonal anti- 
bodies by standard methods.^^'^^ The peptides, linked to 
bovine serum albumin (BSA) by the above methods, 
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Fig. 2— Immunoreactivity for (a) MMP-1, (b) MMP-2, and (c) 
MMP-9 in oesophageal cancer. The tumour in a is a poorly diflferen- 
liated squamous carcinoma, while the tumours in b and c are 
moderately differentiated adenocarcinomas. Inmiunoreactivity is 
found evenly distributed over all the tumour cells 



were used for initial antibody screening. The BSA 
conjugates were bound to an ELISA plate by incu- 
bation overnight at 4''C in 50 mM sodium carbonate/ 
bicarbonate buffer, pH 9-6, and the ELISA was 
performed as described previously.^^ 

The specificity of the monoclonal antibodies was 
demonstrated by immunoblotting against purified MMP 
pro-enzymes (MMP-1, MMP-2, MMP-3, MMP-9). 
Natural human MMP-1 and recombinant human 
MMP-2, MMP-3, and MMP-9 were a kind gift from Dr 

© J 998 John Wiley & Sons, Ltd. 



Alan Galloway, British Biotech pteT Individual MMP^ 
(0-4 //g of purified protein per lane) were subjected \q 
SDS-PAGE (10 per cent acrylamide) and then electrck 
phoretically transferred to PVDF (Problott, Applied 
Biosystems, Warrington, U.K.) membrane. The mem^ 
brane was then divided into three identical sections and 
each section incubated with one of the MMP antibodies 
Antibody which had reacted with antigen on the 
membrane was detected using alkahne phosphatase- 
conjugated goat anti-mouse IgG (Fc specific, Sigma) 
with the detection system 5-bromo-4-chloro-3-indolyl 
phosphate/nitro blue tetrazolium (BCIP/NBT; Sigma) 
The antibodies were isotyped with an Isostrip kit 
(Boehringer Mannheim, Lewes, Sussex, U.K.) used 
according to the manufacturer's instructions. 

Immunohistochemistry 

Sections of oesophageal tumours were immunostained 
with monoclonal antibodies to MMP-1 (clone 3B6) 
MMP-2 (clone 4D3), and MMP-9 (clone 2C3)! 
Immunohistochemistry for the individual MMFs was 
performed using an alkaline phosphatase anti-alkaline 
phosphatase technique.^"* Tissue sections were subjected 
to an antigen retrieval step by microwave treatment of 
the sections for lOmin (MMP-1 and MMP-9) or 5min 
(MMP-2) in 0 01 m sodium citrate buffer, pH 6 0, in a 
microwave (Proline®) operated, at full power (950 W). 
The sections were allowed to cool to room temperature 
before application of the indivdual MMP antibodies 
as undiluted tissue culture supernatants. Following 
incubation with the monoclonal antibodies, sections 
were sequentially incubated with rabbit anti-mouse 
immunoglobulin (1/100; Dako, High Wycombe, Berks, 
U.K.) and monoclonal alkaline phosphatase anti- 
alkaline phosphatase (1/100; Dako). Following each 
antibody application, sections were washed in 0 05 m 
Tris-HCl buffered saline, pH 7-6 (TBS). Alkaline phos- 
phatase was demonstrated using BCIP/NBT. After incu- 
bating the sections for 30 min at room temperature, the 
reaction was stopped by washing the sections for 5 min 
in hot tap water. The slides were then air-dried and 
mounted in glycerine jelly. When the immunohistochem- 
istry was complete, the sections were examined micro- 
scopically. The MMP status of the tumours was assessed 
as positive if any of the tumour cells showed significant 
immunostaining.25 Negative controls were done by 
replacing the primary antibody with TBS and by liquid 
phase pre-absorption of primary antibody with the 
corresponding immunogen at 10 nmol/ml antibody. The 
positive control for MMP- 1 was colonic adenocarci- 
noma which had previously been shown to be positive 
for MMP-1,24 while the positive controls for both 
MMP-2 and MMP-9 were lung containing intra-alveolar 
macrophages. 

Survival data were obtained after the assessrnent of 
the presence of MMPs in the oesophageal cancel > were 
complete. Statistical analysis was performed using the 
computer program SPSS for Windows®. Cumulative 
patient survival was assessed by the method of Kaplan^ 
Meier, and comparison of the MMP-positive and MMP* 
negative survival curves was carried out using the 
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MMP-1 AND OESOPHAGEAL CANCER 
Table I— The presence of MMPs in different stages of oesophageal cancer 

Tumour stage 



259 



2a 



2b 



Total 



MMP-1 












Positive 


2 (4%) 


2 (4%) 


6 (14%) 


1 (2%) 


11 (24%) 


Negative 


13 (28%) 


2 (4%) 


20 (44%) 


0 


35 (76%) 


MMP-2 












Positive 


13 (28%) 


4 (10%) 


18 (39%) 


1 (2%) 


36 (79%) 


Negative 


2 (4%) 


O 


8 (17%) 


0 


10 (21%) 


MMP-9 












Positive 


13(28%) 


3 (7%) 


15(33%) 


1 (2%) 


32 (70%) 


Negative 


2 (4%) 


1 (2%) 


11 (24%) 


0 


14 (30%) 



log-rank test. Muiti-variate analysis using Cox's method 
vizs performed to identify independent prognostic fac- 
tors. The variables which were included in the multi- 
variate analysis were age, sex of patients, tumour stage, 
histological type of tumour, and status of individual 
MMPs. 



RESULTS 

The immunoblots showed that the monoclonal anti- 
bodies were specific for the appropriate MMP and did 
not cross-react with other MMPs (Fig. 1). The electro- 
phoretic mobility of the slightly lower band visible in the 
lane containing MMP-1 of panel A after the membrane 
had been incubated with the MMP-l antibody is con- 
sistent with that expected for the activated form of 
MMP-1. All three monoclonal antibodies had an isotype 
oflgGiK.. 

All the antibodies were effective on formalin-fixed 
sections after an antigen retrieval step. Immunoreactiv- 
ity for each MMP was detected in oesophageal tumour 
cells (Fig. 2): when staining was present, it was found in 
almost all the tumour cells. Summaries of the occurrence 
of MMPs in different stages and different histological 
types of oesophageal cancer are shown in Tables I and 
IL There were no significant differences in the presence 
of individual MMPs between squamous carcinoma 
and adenocarcinoma. MMP-2 and MMP-9 were both 
present in the majority of oesophageal tumours, with 
MMP-2 present in 36 (78 per cent) tumours and MMP-9 
in 32 (70 per cent) tumours, respectively. Only one 
MMP-9-positive tumour did not also express MMP-2. 
MMP-1 was detected in 11 (24 per cent) oesophageal 
tumours, with all but two of these tumours also contain- 
ing MMP-2: all but one contained MMP-9. Normal 
oesophageal epithelium did not show immunoreactivity 
for any of the MMPs, while fibroblasts consistently 
showed MMP-1 immunoreactivity and macrophages 
showed immunostaining for MMP-2 and MMP-9. 

Survival analysis showed that the presence of MMP-1 
Was associated with more rapid progression and that all 
11 patients whose tumours contained MMP-1 were dead 

29 months, while nine of the patients whose tumours 
Were MMP- 1 -negative remained alive at 60 months. 

© 1998 John Wiley & Sons, Ltd. 



Table II — The presence of individual MMPs in different 
histological types of oesophageal cancer 



Histological type 



Squamous 
carcinoma 



Adenocarcinoma 



Total 



MMP-1 








Positive 


3 (7%) 


8 (17%) 


1 1 (24%) 


Negative 


16 (35%) 


19 (41%) 


35 (76%) 


MMP-2 








Positive 


14 (30%) 


22 (48%) 


36 (78%) 


Negative 


5(11%,) 


5 (11%) 


10 (22%) 


MMP-9. 








Positive 


11 (24%) 


21 (46%) 


32 (70%) 


Negative 


8 (17%) 


6 (13%) 


14 (30%) 




MMP-1 -ve 



s J MMP-1 +ve 

20 40 50~ 

Follow up (months) 



1 



Fig. 3 — Cumulative survival of oesophageal cancer patients whose 
tumours were either positive or negative for MMP-1 



The median survival in the MMP-1 -positive group was 
7 months, while the median survival in the MMP-1- 
negative group was 16 months (Fig. 3). The difference in 
survival was significant between the MMP-1 -positive 
and MMP-1 -negative groups (log-rank test 8*46, 
P=0 004). There were no significant survival differences 
between those patients whose tumours were MMP-2- 
positive or -negative: the same was true for MMP-9. 
Multi-variate analysis showed that MMP-1 was an 
independent prognostic factor (P=0 02). The most sig- 
nificant prognostic factor was tumour stage (P=0 005), 
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while other factors (patient age, sex of patient, 
histological type of tumour, MMP-2 and MMP-9 status) 
were all non-significant. 



DISCUSSION 

Improved survival for patients with oesophageal can- 
cer needs the development of new treatment strategies, 
and this requires the identification of prognostic factors 
which can be targetted by therapeutic intervention. The 
MMPs are one group of molecules which are potential 
targets for novel anti-cancer drugs. There is an increas- 
ing amount of evidence to indicate that matrix degra- 
dation by MMPs is an important part of the multi-step 
process of tumour invasion and spread.^ As the MMPs 
are a group of closely related en?ymes, it is important to 
have antibodies specific for individual MMPs, and we 
have demonstrated that this is the case for the antibodies 
which we have developed. Because of the location of the 
epitopes on an external loop of the individual MMPs at 
a site remote from the active site and the pro-peptide 
domain, it is likely that they recognize the activated 
forms as well as the pro-enzymes. These monoclonal 
antibodies, which recognize individual MMPs and are 
effective on formalin-fixed tissue sections, will greatly 
facilitate the evaluation of MMPs in tumours. 

Very few studies of MMPs in tumours have correlated 
the presence of individual MMPs to prognosis and 
survival. The first stage in the invasion of malignant 
tumour cells is the degradation of basement membrane. 
Type IV collagen is the major component of the base- 
ment membrane and degradation of this is mainly 
achieved by MMP-2 and possibly by MMP-9.5-J7 ^m- 
ther tumour invasion requires the action of other 
MMPs, such as MMP-1, which can degrade more com- 
ponents of the extracellular matrix. The majority of 
oesophageal cancers showed the presence of MMP-2 
and this is consistent with the study of Shima et aL,^^ 
who also showed the presence of MMP-2 in oesophageal 
cancer cells. That study, which also localized MMP-1 
and MMP-3 to oesophageal tumour cells, represents the 
only previous investigation of MMPs in oesophageal 
cancer. 

In oesophageal cancer, as in colorectal cancer,25 
MMP-1 appears to be important in facilitating further 
tumour spread. In our study, the presence of MMP-1 
was associated with a particulariy poor prognosis and 
was an independent prognostic factor. Stage of oeso- 
phageal tumour was the most important prognostic 
factor, while patient age, sex, MMP-2 status, MMP-9 
status, and histological type of oesophageal tumour 
were not significant factors in influencing survival. All 
the patients who were included in the study had survived 
for at least 1 month following surgery, thereby excluding 
bias that post-operative mortality might introduce to 
survival analysis. Although two main types of oeso- 
phageal cancer are recognized histologically both 
tumour types invade and spread in a similar manner and 
have an equally poor prognosis. 

Low molecular weight inhibitors of MMPs have been 
shown to prevent tumour spread in human tumour 

© 1998 John Wiley & Sons, Ltd. 




xenografts27.28 and are being developed for clinical 
at least one MMP inhibitor (Marimastat) is currentlv 
undergoing clinical trials.^^ in view of this, it is import, 
ant to have objective markers that could potentially 
used to identify those patients who are most likely to 
benefit from anti-MMP therapy. Interstitial collagenase 
(MMP-l)-activated 5-fluoro-uraciI pro-drugs^o could 
also be appropriately used in those patients whose 
tumours contain MMP-1. The MMP status of oeso^ 
phageal tumours can readily be assessed using im, 
munohistochemistry on formalin-fixed, wax-embedded 
sections of tumours. 
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SUMMARY 

The expression of tryptophan hydroxylase, the rate-Umiting enzyme in the biosynthesis of serotonin, 
is described in a case of a 35 year-old patient with metastatic jejunal carcinoid. 
Immunohistochemically, monoclonal anti-tr3T)tophan hydroxylase antibodies positively identified 
Uver metastases of a neuroendocrine tumor. The cellular distribution of tryptophan hydroxylase was 
restricted exclusively to the cytoplasm of carcinoid cells, where it was found in large amounts. By 
means of immunoblotting, anti-tryptophan hydroxylase antibodies detected in samples from 
carcinoid tissue two closely migrating polypeptide bands with molecular weights of 26 kDa and 29 
kDa, respectively. These two protein bands appear to represent proteolytically degraded pol3^eptides, 
since tryptophan hydroxylase is known for its extreme unstabihty in vitro. In our case, the 
immunohistochemical and biochemical identification of tryptophem hydroxylase in Uver lesions of a 
neuroendocrine tumor permitted the correct diagnosis of a metastatic carcinoid. 



INTRODUCTION 

Often, gastrointestinal tumors of 
neuroendocrine origin are rather easily identified 
by routine histological examinations, as they are 
composed of regularly arranged tumor cells with 
monomorphic nuclei exhibiting a characteristic 
growth pattern (1-3). In some cases, however, 
neuroendocrine tumors may be difficult to 
distinguish from epithelial tumors, especially 
when they display a low degree of differentiation. 
In fact, undifferentiated adenocarcinomas with 
neuroendocrine differentiation or 

neuroendocrine carcinomas c£Ln be misdiagnosed 
as neuroendocrine tumors, because 
subpopulations of carcinoma cells may focally 
display ' features of neuroendocrine 
differentiation as well (4). Furthermore, rare 
types of mixed tumors have been described which 
share properties of both csu'cinoid and 
carcinomatous tissue (5). 

Since gastrointestinal carcinoids are defined els 
soHd hormone-producing tumors arising from 
the diffuse neuroendocrine system of the 
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gastrointestinal mucosa (1-3,6), the detection of 
specific neuroendocrine markers, such as 
chromogranin, synaptophysin and serotonin, 
helps to discriminate carcinoids from 
adenocarcinomas (2,3,6-14). However, in 
carcinoids, the immunohistochemical 
distribution of tryptophan hydroxylase, the rate- 
hmiting enzyme of the serotonin biosynthetic 
pathway, thus far has not been demonstrated. 
Herein, we report on a patient with liver 
metastases from a neuroendocrine tumor in 
which the use of anti-tryptophan hydroxylase 
antibodies permitted the clear diagnosis of 
carcinoid. 

Laboratory Methods 

Tryptophan hydroxylase was immuno- 
histochemically detected by appl3dng the alkaline 
phosphatase-anti-alkaline phosphatase (APAAP) 
technique. Antigen retrieval was performed by 
microwaving the sections for 8 minutes in a 
commercially available buffer (Dako). Sections of 
carcinoid tissue were incubated for 45 minutes at 
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room temperature with anti-tryptophan 
hydroxylase antibodies (clone WH-3) obtained 
from Sigma Immunochemicals. The monoclonal 
antibodies were diluted 1:250 in RPMI 1640 
supplemented with 10% fetal calf serum (FCS). 
Samples were then incubated with rabbit anti- 
mouse antibodies diluted 1:25 in RPMI + 10% 
FCS for 30 minutes. After three washes, soluble 
complexes of calf intestinal alkaline phosphatase 
and anti-alkaline phosphatase diluted 1:25 in 
RPMI + 10% FCS were added. Bound 
immunoreactivity was visuaUzed by the New 
Fuchsin method using 2-amino-2-methyl-l,3- 
propanediole, levamisole, naphthol-AS-BI 
phosphate, New Fuchsin and NaN02. Sections 
were exposed to the filtered chromogen reaction 
solution and counterstained in Mayer's 
Hematoxylin. Negative controls were carried out 
by substituting non-immune mouse serum for 
primary antibody solutions. 

For immunoblotting experiments, carcinoid 
tissue from hepatic metastases (10 mg) was 
boiled for 5 minutes in a 10 ml SDS sample 
buffer (5% sodium dodecyl sulfate, 0.025% 
Bromphenol blue, 10% glycerol, 10% 2- 
mercaptoethanol, 0.125 M Tris-HCl, pH 6.8). 
Proteins were separated by SDS electrophoresis 
on 10% polyacrylamide gels followed by transfer 
onto nitrocellulose membranes. After blocking 
with 4% BSA, the membranes were incubated 
with anti-tryptophan hydroxylase antibodies 
which were diluted 1:250. As secondary 
antibodies, peroxidase-labelled rabbit anti-mouse 
immunoglobuUns were used. Visualization of 
bound immunoreactivity was achieved by using 
the ECL chemiluminescence reaction 
(Amersham). 

For measuring serum concentrations of 
gastroenteric hormones, enzyme-linked immuno- 
absorbent assays and radioimmunoassays were 
performed according to the instructions of the 
manufacturers. 



CASE REPORT 

A 35 year-old woman underwent a diagnostic 
laparotomy and right oophorectomy because of 
multiple intrahepatic metastases and a mass 
located in the right ovary. She had been in 
excellent health until two weeks earlier when she 
noticed a gradual onset of abdominal pain in the 
right upper quadrant. Physical examination 



FIGURE 1 Computed tomography demonstrated hepatomegaly with 
multiple liver lesions, which were metastases of jejunal carcinoid. 

revealed hepatomegaly with no palpable 
abdominal mass. The patient had no episodes of 
paroxysmal flushing, diarrhea or 
bronchoconstriction. 

Histological examination of the surgical biopsies 
demonstrated a benign follicular cyst in the right 
ovary and Uver metastases of a neuroendocrine 
tumor. Various attempts to localize the primary 
tumor were unsuccessful. Gastroduodenoscopic 
and colonoscopic examinations disclosed no 
structural disease. Barium contrast studies of 
the entire small-bowel were unremarkable, with 
no signs of mucosal irregularity or luminal 
impingement. Computed tomographic scans 
revealed multiple liver lesions and massive 
hepatomegaly (Figure 1). Somatostatin receptor 
scintigraphy demonstrated enhanced tracer 
retention in the liver; however, other areas of 
increased uptake could not be detected. 
Endocrinological analysis revealed normal serum 
levels of free catecholamines (epinephrine 25 
ng/1, norepinephrine 294 ng/1). Serotonin was 
found to be significantly elevated (1794 pg/1). 
Serum concentrations of glucagon (103 pg/ml), 
gastrin (39 pg/ml), pancreatic polypeptide (31 
pmol/1), vasoactive intestinal peptide (6 pmol/1) 
and gastric inhibitory peptide (1048 pg/ml) were 
normal. Elevated serum concentrations of 
neuron-specific enolase were measured (45 pg/1). 
Urinary excretion of 5-hydroxyindoleacetic acid 
(45.4 mg/24 h) was far beyond the reference 
range (up to 7 mg/24 h). 

Five months later, the patient was chronically ill 
and had lost 10 kg in weight. Orthotopic hver 
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transplantation was performed. During the 
surgical procedure, a solitary tumor in the 
proximal jejunum with a diameter of 2cm and 
regional metastases in mesenteric Ijnnph nodes 
were discovered and resected. Histological 
examination confirmed that the jejunal mass was 
the primary tumor and that it had infiltrated the 
submucosa. 

Pathological Findings 

Conventional microscopic examination of the 
liver lesions showed multiple groups of tumor 
cells, which^were weU demarcated from the 
surrounding hepatic parenchjona. The neoplastic 
cells were arranged predominantly in small 
nests, although foci of trabeculae separated by 
delicate fibrous septae could be visualized. Signs 
of necrosis or hemorrhage could not be detected, 
but a desmoplastic stromal reaction surrounding 
the tumor nests was frequently pronounced. The 
mitotic activity of the tumor was low. The 
monomorphous, polygonal tumor cells had an 
eosinophilic granulair cytoplasm with central 
nuclei composed of dispersed, coarsely granular 
chromatin. The packeted groups of neoplastic 
cells displayed an insular growth pattern, 
somewhat resembUng the histological features of 
an epithelial neoplasm. Argentaffinity and 
perinuclear expression of chromogranin, 
however, classified the tumor as neuroendocrine 
in origin. 

Immunohistochemically, the tumor revealed a 
positive staining reaction for keratin, 
somatostatin and vasointestinal peptide. No 
immunoreactivity could be detected for 
serotonin, glucagon, gastrin, synaptophysin, 
insulin, pancreatic polypeptide, 

adrenocorticotropic hormone, gastric inhibitory 
peptide or SIOO. Staining with anti-tryptophan 
hydroxylase antibodies revealed strongly positive 
cytoplasmic immunoreactivity in all tumor cells 
(Figure 2). Non-neoplastic cells in the vicinity of 
the tumor nests, such as surrounding 
hepatocytes and hepatic fibroblasts, were 
negative for tryptophan hydroxylase. For the 
biochemical detection of tryptophan hydroxylase, 
immunoblotting experiments were performed. In 
samples from the tumor tissue, the tryptophan 
hydroxylase was identified as two closely 
migrating polypeptide bands with molecular 
weights of 26 kDa and 29 kDa, respectively 
(Figure 3). Total protein extracts from human 




FIGURE 2 Expression of tryptophan hydroxylase in hepatic metastases^ 
of carcinoid. The section was immunohistochemically stained with 
monoclonal anti-tryptophan hydroxylase antibodies using APAAP 
techniques followed by counterstaining with Mayer's Hematoxylin. 
Note that positive immunostaining was exclusively restricted to 
carcinoid cells, which displayed an insular growth pattern. 
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FIGURE 3 Immunoblotting analysis of tryptophan hydroxylase 
expression in carcinoid tissue. Proteins from crude homogenates of 
hepatic metastases were applied to SDS polyacrylamide gel 
electrophoresis, and tryptophan hydroxylase was detected with anti- 
tryptophan hydroxylase antibodies from clone WH-3. Bound 
immunoreactivity was visualized using the chemiluminescence 
technique. 

blood platelets used as negative controls failed to 
react with the anti-tryptophan hydroxylase 
antibodies. 

DISCUSSION 

In the presence of molecular oxygen and the 
natural cofactor tetrahydrobiopterin, tryptophan 
hydroxylase catalyzes the hydroxylation of L- 
tryptophan to 5-hydroxytryptophan (15-18). The 
formation of 5-hydroxytryptophan is generally 
considered to be the rate-limiting step in the 
biosynthesis of the monoamine, serotonin. In an 
enzjnnatic reaction requiring aromatic-L-£anino 
acid decarboxylase (16,19), the intermediate 5- 
hydroxytryptophan further reacts to 5- 



hydroxytryptamine (serotonin). Following its 
release from the tumor, serotonin is inactivated 
primarily by the enzyme monoamine oxidase 
(20). The resulting metabolite 5-hydroxyindole- 
acetaldehyde is rapidly converted to 5- 
hydroxyindoleacetic acid (5-HIAA) in a reaction 
catalyzed by aldehyde dehydrogenase. In 
carcinoids, urinary excretion of the main 
serotonin metabolite 5-HIAA is significantly 
elevated, because most of these tumors contain 
large quantities of aromatic-L-amino acid 
decarboxylase, which catalyzes the final step in 
the formation of serotonin (1,19). 

Most carcinoids, such as jejunal, ileal 
appendiceal and colonic, produce large amounts 
of serotonin in addition to a number of 
neuropeptides. Metastatic carcinoids with 
overproduction of serotonin give rise to the 
carcinoid syndrome, which is characterized by 
cutaneous flushing, diarrhea and 
bronchoconstriction (1,20). Carcinoids derived 
from the embryonic foregut, however, are 
frequently deficient in aromatic-L-amino acid 
decarboxylase, while they release a high amount 
of 5-hydroxytryptophan in the circulation (20) 
In these carcinoid subtypes, the synthesis of 
serotonin as reflected by urinary 5-HIAA 
production is within the physiologic range. 
Although many carcinoids derived from the 
embryonic foregut express tryptophan 
hydroxylase, as determined by the elevated 
serum levels of 5-hydroxytryptophan, due to 
their deficiency in aromatic-L-amino acid 
decarboxylase, they are unable to synthezise and 
secrete serotonin (19,20). Thus, the 
immunohistochemical demonstration of 
serotonin in tissue sections cannot be regarded 
as a pathognomonic feature of all carcinoids, 
since it is missing in certain subtypes. 
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immunohistochemical assays, the cellular 
localization of this enzyme in carcinoid tissue has 
not yet been studied. Our results clearly showed 
that the monoclonal anti-tryptophan hydroxylase 
aiitibodies positively identified carcinoid cells in 
the liver metastases as well as the primary 
tumor. Using APAAP techniques, the cytoplasm 
of the neoplastic cells was intensely labelled 
Surrounding non-tumor cells displayed no 
specific immunostaining, indicating that the 
expression of tryptophan hydroxylase was 
exclusively restricted to the carcinoid cells. 

Western immunoblotting experiments were 
performed to determine the molecular weight of 
tryptophan hydroxylase in human carcinoid 
tissue. Samples from crude homogenates of 
hepatic metastases and the adjacent normal liver 
were analyzed for the expression of this enzyme. 
Two closely migrating polypeptide bands with 
molecular weights of 26 kDa and 29 kDa 
exhibited a strong inimunoreactivity for anti- 
tryptophan hydroxylase antibodies. Since 
tryptophan hydroxylase is known to be extremely 
unstable in vitro (17,18), we suggest that the two 
identified bands represent proteolytically 
degraded polypeptides. The measured molecular 
weight IS in agreement with the reported 
molecular weight of tryptophan hydroxylase 
described by Boularand et al. (22). 



In this paper, we focused our interest on the 
expression of tryptophan hydroxylase in a case of 
metastatic jejunal carcinoid. By means of 
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[57] ABSTRACT 

The present invention provides metal chelating com- 
pounds, to, chelates and chelate-targeting agent conju- 
gates formed from the chelating compounds, and to 
methods for making and using these compositions. The 
chelating compounds incorporate two nitrogen atoms 
and three sulfur atoms ("N2S3"), two nitrogen atoms 
and four sulfur atoms ("N2S4")» or three nitrogen atoms 
and three sulfur atoms ("N3S3"). Metals, and metal 
oxides, capable of being chelated by the compounds 
include those that are radionuclides, such as 99mXc and 

186/188Re, 

The targeting agent portion of the chelate-targeting 
agent- conjugates provided includes antibodies, pep- 
tides, hormones, enzymes and biological response modi- 
fiers. Methods for making the conjugates are provided 
and encompass the addition of a metal, or metal oxide, 
to a chelating compound prior to attachment to a tar- 
geting agent as well as subsequent to the attachment. 

Another aspect of the invention provides kits for pro- 
ducing chdate-targeting agent conjugates for radio- 
pharmaceutical use. 

An additional aspect of the invention provides methods 
for using the chelate-targeting agent conjugates for 
diagnostic and therapeutic purposes, such as detection 
of a target site and delivery of a radionuclide to the site, 
respectively. 

13 Claims, No Drawings 
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METAL RADIONUCUDE CHELATING 
COMPOUNDS FOR IMPROVED CHELATION 
KINETICS 

5 

DESCRIPTIGN 

1. Technical Field 

The present invention relates generally to metal che- 
lating compounds, to chelates and chelate-targeting 
agent conjugates formed from the chelating com- 
pounds, and to methods for making and using these 
compositions. This invention is more particularly re- 
lated to chelate-targeting agent conjugates m which the 
metal is a radionuclide and to methods employing the 
conjugates for diagnostic and therapeutic purposes. 

2. Background of the Invention 

Radiolabeled chelating compounds are useful medi- 
cal agents. For example, radiolabeled ethylenediamine 
tetraacetic acid (EDTA), diethylenetetramine-pent- 20 
aacetate (DTP A) and o-iodohippurate (OIH) have been 

. reported to be useful in evaluating renal functions (Klin- 
gensmith et al., /. NucL Med, 29:377, 1982). Similarly, 
Kasina et al., J. Med. Chem, 29:1933 (1986), report 
promising renal pharmaceuticals that are technetium 25 
(99mTc) chelates of diamide-dimercaptides (N2S2). 
Other medically useful chelates that have been reported 
include: tartrate and orthophosphate, Molinksi et al., . 
U.S. Pat No. 3,987,157; propylene amine oxime, Trout- 
ncr et al., U.S. Pat No. 4,615,876; poly-hydroxy-car- 3Q 
boxylic acids, Adler et al., U.S. Pat No. 4,615,876; 
poly-hydroxy-carboxylic acids, Adler et al., U.S. Pat. 
No. 4,027,005; organo-trisubstituted trivalent pho- 
phorus compounds. Dean et al., U.S. Pat No. 4,582,700; 
bis(thiosemicarba2one), Vedeeeta 1., U.S. Pat No. 35 
4,564,472; mercaptoacetylglycylglycylglycine (MAG3) 
Frit2bergetal.,y. Nucl Me^/. 27:111-116. 1986; mercap- 
tocarboxylic acids, Winchell et al., U.S. Pat No. 
4,233,285; homocysteine and cysteinamide derivatives, 
Byrne et al.. U.S. Pat No. 4,571,430; metallothionine, 40 
Tolman, European application 4-10-84 0 137 457 AZ; 
isonitrile, Jones et al., U.S. Pat No. 4,452,774; and 
imidodiphosphonate. Subramaniam et al., U.S. Pat. No. 
3,974,268. 

Chelating compounds are useful both as therapeutic 45 
and diagnostic agents. They are investigated for the 
purpose of stably linking the radionuclides to target- 
specific biologic^ molecules such as antibodies and 
antibody fragments. Diagnostic imaging of specific 
target tissue in vivo with a radiometal-chelate-antibody 50 
conjugate was reported by Khaw et al., Science 209:295, 
1980. Similarly, the therapeutic use of radiometal-che- 
late-antibody conjugates to treat cellular disorders is 
referred to by Gansow et al., U.S. Pat No. 4.454,106. 

Difficulties associated with the known chelating 55 
compounds have limited their usefulness. For example, 
the rate of chelation of diamide-dimcrcaptide (N2S2) 
Igands is relatively low despite the high stability of the 
Tc and Re complexes formed. An alternative approach, 
direct attachment of radionuclides to reduced proteins, 60 
also results in the formation of a complex in which 
metal is bound to thiolate and other groups such as 
amide, amine and carboxylate. However, stability prob- 
lems have often limited their use in diagnostic and 
therapeutc applications involving antibody and anti- 65 
body fragments. The stability problems can be attrib- 
uted, in part to the large metal chelate ring sizes re- 
quired to attain desired donor atom to metal ratios. 



Thus, there is a need in the art for metal chelating 
compounds which are capable of both rapidly complex- 
ing a metal and forming a stable chelate. The present 
invention fulfills this need and further provides other 
related advantages. 

SUMMARY OF THE INVENTION 

Briefly stated, the present invention, in one aspect 
provides a compound having the formula (I): 



Xi Z X3 



\ 




I 

R5 



wherein: 

Xi and X2 are H or =0 but both are not =0; 

X3 and X4 are H or =0, but both are not =0; 

A is H, alkyl group of Ce or less, — CH2 — CH- 
2— S— Ri or — CO— CH2— S— Ri, with the pro- 
viso that when Xi or X2 is =0, A is H; 

A' is H, alkyl group of or less. — CH2— CH- 
2— S— R2 or — CO— CH2— S— R2» with the pro- 
viso that when X3 or X4 is =0, A' is H; 

Yis 

(a) — CH2 — S — R3, or H. when A is H or an alkyl 
group of C6 or less and A' is H or an alkyl group 
of C6 or less, or 

(b) H; 
Y'is 

(a) — CH2— S— R4, or H, when A is H or an alkyl 
group of Q or less and A' is H or an alkyl group 
of Q or less, with the proviso that Y and Y' are 
not both H, or 

(b) H; 

Rl, R2, R3, R4, Rsi and Re are independently selected 

from sulfur protecting groups; 
Q is H or a polar group to increase the hydrophilicity 

of the compound; 
n is 0 to 2; and 

2 is R', where W is — CH2— , ^CH- 

2 — O — , — CH2 — CO — , or combination thereof, m 
is 0 to 5, and R' is a chemically reactive group, with 
the provisos that when Z is attached to the carbon 
designated a there is either no Xi or no Q at a, that 
when Z is attached to the carbon designated )3 
there is either no X3 or no Q at that when Xi is 
=0 there is no Z at a, and that when X3 is =0 there 
is no Z at ^. 

Chelates, chelate-targeting agent conjugates, and meth- 
ods for producing them from compound I are provided. 
The targeting agent is attached via the reactive group. 
R', to the chelating compound or the chelate. 

In another aspect, the invention provides a com- 
pound having the formula (II): 




10 
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and may be genetically engineered; an example is an 
antibody. 

Antibody — as used herein* includes both polyclonal 
and monoclonal antibodies; and may be an intact mole- 
5 cule, a fragment thereof, or a functional equivalent 
. - thereof; and may be genetically engineered; examples of 
antibody fragments include FCabOi. Fab', Fab and Fv. 

As noted above, the present invention provides com- 
pounds of two general formulae that are capable of 
chelating metals. An advantage of these compounds is 
that they are capable of rapidly complexing a metal as 
well as forming a stable chelate. The presence of nitro- 
gen (N) atoms within the chelating compound acceler- 
ates complex formation with a metal. This acceleration 
wherein: is due, in part, to the fact that a metal, e.g., Tc, is a soft 

Ri, R2, and R3 are independently selected from sulfur acid and N, in the form of an amine or amide, is a base. 

protecting groups; Amines provide a greater increase in chelation rates 

Xi and X2 are independently selected from H and an than amides. The presence of sulfur (S) atoms within the 
alkyl group of C6 or less; chelating compound, in addition to providing for in- 

X3 is H, an alkyl group of Q or less, or Z; creased rates of complexation, contribute to the stability 

X4,X5, and X6 are independently selected from Hand of the resulting chelate. Thus, the compounds of the 
=0, with the provisos that X4 is H when Xi is an present invention represent a combination of desirable 
alkyl group, that X5 is H when X2 is an alkyl group, kinetic properties for the formation of a complex with a 
and that Xg is H when X3 is an alkyl group or 2; - metal and desirable thermodynamic properties for the 
Q is H or a polar group to increase the hydrophilicity • retention of the metal. Accordmgly, attachment of ra- 
of the compound; dionuclides to targeting agent-chelate conjugates 

n is 0 to 4; and formed from the compounds of the present invention 

Z is — (W)m— R', where W is --CH2— — CH- which possess increased —S—(thiolate) groups situated 
2 — O — , — CH2 — CO — , or combinations thereof, at an appropriate distance alleviates the stability and 
m is 0 to 5, and R' is a chemically reactive group. kinetic problems encountered in both the direct metaUa- 
Chelates, chelate-targeting agent conjugates, and meth- tion reaction of proteins and protein-chelate conjugates 
ods for producing them from compound II are pro- formed from the known chelating compounds, 
vided. The targeting agent is attached via the reactive Compound I has the foUowing formula: 
group, R', to the chelating compound or the chelate. 

Another aspect of the present invention provides kits 
for producing chelate-targeting agent conjugates for ^1. \ 

radiopharmaceutical use. A metal radionuclide may be 
added to a chelating compound of formula I or II, either 

before or after the chelating compound is attached to a N 
targeting agent ^ ^2— 

Yet another aspect of the invention provides methods 
for using the chelate-targeting agent conjugates de- 
scribed above for diagnostic and therapeutic purposes. y' S 
A diagnostic method is described for detecting the pres- 
ence or absence of a target site within a mammalian 

host This method comprises the steps of administering „ i. 
to a mammal a diagnostically effective dose of the che- Examples of spec^ic embodmients of the elements of 
late-targeting agent conjugate containing a metal radio- compound I mclude the foUowmg. 
nucUde, such as 99mTc, and detecting the biodistribution ^1 ^^^^ ^^J^V ^ ^ ^ S^^^P (=f ^^^th 
of tiie radionucUde. A therapeutic method is described 50 are not =0. Likewise, X3 and X4 may be H or =0, but 
for delivering a radionuclide, such as i86Re or l«8Re. to ^re not =0. By selecting =0 for Xi or X2, the N 

a target site within a mammalian host This method interposed between the carbons to which Xi and X2 are 
comprises the step of administering to a mammal a ther- bonded will be an amide. Likewise, by selectmg =0 for 
apeuticaUy effective dose of the chelate-targeting agent ^3 or X4, the N interposed between the carbons to 
conjugate. 55 which X3 and X4 are bonded will be an amide. Thus, a 

Other aspects of the invention will become evident compound with zero, one or two amides may be formed 
upon reference to the following detailed description, by the appropriate selection of Xi, X2, X3 and X4. 

Amide nitrogens, relative to amine nitrogens, afford 
DETAILED DESCRIPTION OF THE greater stability to the complex formed with a metal, 

INVENTION ^ at the expense of a diminished acceleration of corn- 

Prior to setting forth the invention, it may be helpful plex formation. Thus, by selection of Xi, X2, X3 and X4, 
to an understanding thereof to set forth definitions of compounds with a wide variety of chelating properties 
certain terms to be used hereinafter. may be formed. 

Targeting agent— is any molecule that has the capac- A is a hydrogen (H). alkyl group of Ce or less, — CH- 
ity to bind to a defined population of cells. 65 2— CH2 — S — Ri or — -CO---CH2--^ — Ri, except when 

Protein — as used herein, includes proteins, polypep- either Xi or X2 is =0, A is H. Similarly, A' is H, alkyl 
tides, and peptides; and may be an intact molecule, a group of Q or less, — CH2 — CH2 — S — R2 or 
fragment thereof, or a functional equivalent thereof; — CO — CH2 — S — R2, except when either X3 or X4 is 
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sented by n, is greater than zero, then the number of 
carbon atoms separating the nitrogen atoms in com- 
pound I is increased accordingly. Preferred integers for 
n are 0 to 2. 

2 is — (W)m — R'. W is a group that functions as a 
"spacer arm" and may be useful to distance R' from the 
chelating portion of the compound. Groups which may 



=dO, A' is H. Y is — CH2— S— R3, or H, when A is H or 
an alkyl group of or less and A' is H or an alkyl 
group Q or less. Alternatively, when either A or A' or 
both are not H or an alkyl group of or less, then Y is 
H. Similarly, Y' is — CH2— S— R4, or H, when A is H or 
an alkyl group of Q or less and A' is H or an alkyl 
group of C6 or less. However, Y and Y' are both not H 
when A is H or aa alkyl group of C6 or less and A' is H 

or an alkyl group of Ce or less. Altematiyely, when , , . , , , , , v 
either A or A' or both are not H or an alkyl group of C6 10 ^« ^^^^^^ methylene (-CH2-X methyk^^^ 
or less, then Y' is H. Thus, compounds of the formula " " ' 

depicted above may be formed containing t\yo nitro- 
gens and three or four sulfurs C*N2S3" and "N2S4", 
respectively). For "N2S4" compounds, two of the sul- 
furs are the sulfurs bearing R5 and Re and the remaining 15 
two sulfurs are from A and A' or Y and Y'. The follow- 
ing formulae depict examples of N2S4 compounds in 
which two sulfurs are from Y and Y' (lA) or in which 
two sulfurs are from A and A' (IB). 



20 



Xi Z X3 



lA 



R3— S 





S— R4 



X. z X, 

N N 



IB 



S 
I 



s s 

I i 

Ri R2 
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R« 



(— CH2— 0— ), methylenecarbonyl (— CH2— CO— ), or 
combinations thereof. The number, m, of groups such as 
these would be typically 0 to 30 and preferably 0 to 5. 

Z, or R' when m is 0, may be attached to one of the 
positions designated as a, 0, and y. Because the number 
of methylene carbons at the y position is defined by n 
which may be greater than one, the y position includes 
additional points for attachment of a Z or an R', 

R' is a chemically reactive moiety. The moiety may. 
be strongly electrophilic or nucleophilic and thereby be 
available for reacting directly with a targeting agent. 
Alteratively, the moiety may be a weaker electrophile 
25 or nucleophile and therefore require activation prior to 
the conjugation with a targeting agent. This alternative 
would be desirable where it is necessary to delay activa- 
tion of R' until a compound has been formed. In either 
scenario R' is chenadcally reactive, the scenarios differ 
by whether following formation of a compound, R' is 
reacted directly with a targeting agent or is reacted first 
with one or more chemicals to render R' capable of 
reacting with a targeting agent. A discussion of reac- 
tions illustrative of a direct reaction with R' and of 
activation of R' is found below. 

A metal chelate is formed by addition of a metal or 
metal oxide to compound I and has the following for- 
40 mula: 



30 



35 



45 



50 



Ri, R2, R3, R4» R5 and R6 are independently selected 
from sulfur protecting groups. Groups which may be 
used include any of the alkyl, acyl and aryl groups, 
disulfides and bunte salts known by those skilled in the 
art Preferred groups are those that result in the forma- 
tion of a thioacetal, hemithloacetal, thioester or 
acetamidomethyl substituent Particularly preferred 
groups include p-anisylidine, acetbnyl, tetrahydrylfura- 
nyl, ethoxyethyl, tetrahydrylpyranyl, acetamidomethyl 
and derivatives diereof. When conjugated to a targeting 
agent, the protecting groups may be removed and left as 
sulfydryls either during storage or just prior to radiola- 
beling. 

Q may be H or a polar group. One function of a polar 
group is to increase the hydrophilicity of the com- 
pound, e.g., in order to increase its aqueous solubility. 
Groups which may be used include carboxylates, sulfo- 
nates and secondary alcohols. A preferred group is 
— CH2— COOH. Q may be attached to one of the posi- 60 
tions designated as a, ^ and y . Because the number of 
methylene carbons at the y y position is defined by n 
which may be greater than one, the Y position includes 
additional points for attachment of Q. 

The distance by which the nitrogen atoms are sepa- 65 
rated may be increased by interposing methylene 
( — CH2 — ) groups between the carbons bonded to the 
nitrogens. When the number of — CH2 — groups, repre- 
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wherein: Xi-X4, A, A', Y, Y', Ri-Re. Q, n, and Z are 
defined as described above. M is a metal, or metal oxide, 
capable of being chelated. Preferred metals and metal 
oxides are those that are radionuclides. Particularly 
preferred are 64Cu, ^^Cu, 97Ru, 99niTc, lO^Rh. JO^Pd, 
i86Re, J88Re, 198AU, i^Au, ^3pb, 2npb, and 2i2Bi. 

The following formulae depict chelation of M by a 
compound I in which two of the sulfurs are from Y and 
Y' (I-M-A) and by a compoimd I in which two of the 
sulfurs are from A and A' (I-M-B). The six atoms avail- 
able for bonding M are shown. Depending on the par- 
ticiilar metal or metal oxide, M may be bound to 4-6 of 
the nitrogen and sulfur atoms of compound 1. 
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as estradiol, neurotensin, melanocyte stimulating hor- 
Xi Z X3 i-M-A mone, follicle stimulating hormone, lutenizing hor- 

a| ^1^"^ mone, and human growth hormone. Other suitable tar- 

I J. 5 geting agents include serum proteins, fibrinolytic en- 

zymes, and biological response modifiers, such as inter- 
leukin, interferon, erythropoietin and colony-stimulat- 
ing factor. Analogs of the above-listed targeting agents 
10 that retain the ability to bind to the defined target cell 
population may also be used within the claimed inven- 
tion. In addition, synthetic targeting proteins and pep- 
I-M-B ii^Q^ may be designed and made to "fit" a particular, 
IS characterized epitope (binding site). That is, a synthetic 
targeting protein/peptide would be designed to bind a 
specific epitope in a "lock and key" fashion. Within the 
present invention, antibody and antibody fragments, 
20 bombesin and gastrin-releasing peptide and their ana- 
logs are particularly preferred targeting agents. 
Preferred antibodies are monoclonal antibodies 
In addition to chelating compound I and the metal (MAbs). Particularly preferred are MAbs directed 

against tumor cells. Examples of such MAbs include 
those designated NR-ML-05, NR-LU-10, NR-CO-02, 
and NR-CE-01, which are specific for human mela- 
noma, lung, colon, and lung tumor cells, respectively. 
30 Two methods are provided for producing a chelate- 
targeting agent conjugate having the formula depicted 
immediately above. In the first method, a chelate is 
formed which is then joined to a targeting agent to form 
3^ the conjugate. This method comprises the steps of re- 
acting a compound (I) having the formula: 




geting agent conjugates havmg the formula: 




wherein: X1-X4, A, A', Y, Y', Ri-R^, Q, n, and M are 
defiined as described above. Z' is — (W),^— Targeting 
agent 

W is a group that functions as a "spacer arm" and 
may be usefiil to distance a targeting agent firom the 
compound. Groups which may be used include methy- 
lene (— CH2— ), methyleneoxy ( — CH2— 0— ), me- 
thylenecarbonyl (— CH2— CO— ), or combinations 
thereof. The number, m, of groups such as these would 
be typically 0 to 30 and preferrably 0 to 5. 

Z\ or Targeting agent when m is 0, may be attached 
to one of the positions designated as a, ^, and y. Be- 
cause the number of methylene carbons at the y position 
is defined by n which may be greater than one, the y 
position includes additional points for attachment of a 
Z' or a Targeting agent 

The term targeting agent includes any linking group 
that may be used to join the targeting agent It will be 
evident to one skilled in the art that a variety of linking 
groups, including bifimctional reagents, may be em- 
ployed within the present invention. 

As noted above, a targeting agent has the capacity to 
bind to a defined population of cells. The targeting 
agent may bind through a receptor, substrate, antigenic 
determinant, or other binding site on the target cell 
population. Preferred targeting agents useful within the 
present invention include antibody and antibody frag- 
ments; peptides, such as bombesin, gastrin-releasing 
peptide, RGD peptide, substance P, neuromedin-B, 
neuromedin-C, and metenkephaln; and hormones, such 



Xi z X3 

N N 



45 




with a metal or metal oxide capable of being chelated, 
thereby forming a metal chelate, and combining the 
metal chelate with a targeting agent under reactive 
conditions to form the chelate-targeting agent conju- 
gate. X1-X4, A, A', Y, Y', R1-R6, Q, n, and Z are de- 
fined as described above. The preferred, and particu- 
larly preferred, metals and metal oxides are also de- 
scribed above. The discussion provided above regard- 
ing targeting agent is applicable here as well. 

In the second method for producing a chelate-target- 
ing agent conjugate, a chelating compound is joined to 
a targeting agent to form a conjugate to which a metal 
or metal oxide is added. This method comprises the 
steps of combining a compound (I) having the formula: 
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Another example of a conversion is where R' is a succi- 
nimide derivative containing a protective group, such as 
phenylsulfonyl. Upon removal of the group, the succi- 
nimide is converted to a maleimide which is highly 

5 reactive in nucleophilic addition reactions. Altema- 
tively, R' may be a nucleophilic group, such as an amino 

A' V-X4 or sulfhydryl group, and the conversion comprises reac- 

I tion with a bifunctional reagent. It will be evident to 

y\ ^ one skilled in the art that a variety of bifunctional rea- 

I 10 gents, both homobifunctional and heterobifunctional, 

R« may be employed within the present invention. 

As noted above, the present invention provides com- 

with a targeting agent under reactive conditions to form pounds of two formulae that are capable of chelating 

a derivatized targeting agent and reacting the deriva- metals. Compound II, which contains three nitrogens 

tized targeting agent with a met^d, or metal oxide, capa- 15 and three sulfurs ("N3S3"), has the following formula: 
ble of being chelated, thereby forming the chelate-tar- 
geting agent conjugate. X1-X4, A, A', Y, Y', R1-R6, Q, 
n, and Z are defined as described above. The preferred, 
and particularly preferred, metals and metal oxides are 
also described above. The discussion provided above 20 
regarding targeting agent is applicable here as well. 

Thus, the two methods for producing a chelate-tar- 
geting agent conjugate have a different order for the 
addition of the targeting agent. In the fu^t method the 
targeting agent is joined to the chelate, Le., after a metal 25 
or metal oxide has been added to a chelating compound. 
Conversely, in the second method the targeting agent is 
joined to the chelating compound, i.e., before a metal or 
metal oxide has been added. In both methods, however, , , c 
a chelate-targeting agent conjugate has a targeting 30 Examples of specific embodiments of the elements of 
agent joined via R'. As noted above, a targeting agent compound II mclude the foUowmg. 
may be joined by a direct reaction with R' or foUowing ^i' ^2, and R3 are mdependently selected from sulfur 
the activation of R'. protecting groups. Groups which may be used include 
The step of combining a targeting agent with a che- of the alkyl, acyl, aryl groups, disulfides and bunte 
late or chelating compound may be performed by direct 35 salts known by those skilled in the art Preferred groups 
reaction of the targeting agent with R' on the chelate or are those that result in an acyl, a thioacetal or a hemithi- 
chelating compound. Alternatively, it may be desirable oacetal. Particularly preferred groups include thioes- 
to include a preparatory step before the step of combin- ters. p-anisylidine, acetonyl, tetrahydrylfurany, ethox- 
ing. For example, a targeting agent may be modified in yetiiyl, tetrahydrylpyranyl, acetamidomethyl, and de- 
preparation for a direct reaction with R'. The modifica- 40 rivatives thereof. 

tion of a targeting agent includes reaction with any of Xi and X2 are independently selected from hydrogen 

the numerous bifunctional reagents reported m the liter- (H) and an alkyl group of Q or less. X3 is an H, an alkyl 

ature. group of Q or less, or Z. X4* X5, and Xe are indepen- 

A direct reaction with R' by modified or unmodified dently selected from H and =0. The selection of =0 

targeting agent is intended to mean that R' is capable of 45 results in the presence of an amide. Thus, a compound 

reacting with the modified or unmodified targeting with zero, one, two or three amides may be formed by 

agent For example, R' may be an alkyl group contain- the appropriate selection of X4, X5, and Xe. Amide 

ing a good leaving group, e.g., a halide, or a carbonyl- nitrogens, relative to amine nitrogens, afford greater 

containing group, such as an anhydride, acid halide, or stability to the complex formed with a metal, but at the 

"active ester." The term "active ester" is known to refer 50 expense of a diminished acceleration of complex forma- 

to esters which are highly reactive in nucleophilic sub- tion. Thus, by selection of X4, X5, and X^, compounds 

stitution reactions. In the present invention, the modi- with a wide variety of chelating properties may be 

fied or umnodified targeting agent would be the nucleo- formed, 

phile. Typically the esters will be activated phenols and Q may be H or a polar group. One function of a polar 

cyclic compoimds based on hydroxylamine. Examples 55 group is to increase the hydrophihcity of the com- 

of commonly used ester groups are tetrafluorophenyl, pound, e.g., in order to increase its aqueous solubility. 

N-hydroxysuccinimidyl, nitrophenyl, isothiocyanate Groups which may be used include carboxylates, sulfo- 

and substituted isothiocyanates. Alternatively, R' may nates 

be a nucleophilic group, such as an amino or sulfhydryl and secondary alcohols. A preferred group is — CH- 

group, which is capable of reacting with a modified 60 2— COOH. Q may be attached to one of the positions 

targeting agent, e.g., containing a maleimide group. designated as a, ^, 7 and 6. Because the number of 

Another way to perform a step in preparation for the methylene carbons at the S position is defined by n 

step of combining a targeting agent and a chelate or which may be greater than one, the 6 position includes 

chelating compound is to convert R' to a form capable additional points for attachment of Q. 

of reacting with the targeting agent Examples of con- 65 The distance by which the nitrogen atoms are sepa- 

versionsofR' include where R' is a carboxyl group and rated may be increased by interposing methylene 

is then activated. Activation of a carboxyl group in- ( — CH2 — ) groups between the carbons bonded to the 

eludes formation of an "active ester" as defined above. nitrogens. When the number of — CH2 — groups, repre- 
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sented by n, is greater than zero, then the niimber of able for bonding M are shown. Depending on the par- 
carbon atoms separating the nitrogen atoms in com- ticular metal or metal oxide, M may be bound to 4-6 of 
pound II is increased accordingly. Preferred integers the nitrogen and sulfur atoms of compound II. Pre- 
fer n are 0 to 4. ferred metals and metal oxides are those that are radio- 
Z is — (W)m— R'. W is a group that functions as a 5 nuclides. Particularly preferred are ^u, ^^Cu, 57ru, 
"spacer arm" and may be useful to distance R' from the ^mTc, ^^^It^, ^^Fd, ^^^Rc, i^^Re, ^^^^.u, ^^^Au, 203pb, 
chelating portion of the compound. Groups which may 2i2pb^ and 2i2Bi^ 

be used include methylene (— CH2— ), methyleneoxy in addition to chelating compound II and the metal 
(— CH2— O— ), methylenecarbonyl (— CH2— CO— chelates therefrom, the invention provides chelate-tar- 
or combinations thereof. The number, m, of groups 10 geting agent conjugates having the formula: 
such as these would be typically 0 to 30 and preferrably 
0 to 5. 

Z, or R' when m is 0, may be attached to X3 or to one 
of the positions designated as a, )3, 7, and 8. Because the 
number of methylene carbons at the S position is de- 15 
fined by n which may be greater than one, the 8 position 
mcludes additional pomts for attachment of a Z or an 
R'. 

R' is a chemically reactive group and the discussion 
of it provided above for compound I is applicable here 20 
as well. • , 

In compound II, the carbon designated as j3 may be 
bonded to any one of the carbons designated as a, y and wherein: R1-R3, X1-X2, X3. X4-X6, Q, n, and M are 
6. The folloMong formulae depict compounds in which defined as described above. Z' is — (W)^ — ^Targeting 
the carbon is bonded to the y carbon (IIA) and the jS 25 agent 

carbon is bonded to the 6 carbon (IIB). W is a group that fiinctions as a "spacer arm" and 

may be useful to distance a targeting agent from the 
IIA compoimd* Groups which may be used include methy- 
lene ( — CH2 — ), methyleneoxy (— CH2 — O — ), me- 
30 thylenecarbonyl ( — CH2 — CO—), or combinations 
thereof. The number, m, of groups such as these would 
be typically 0 to 30 and preferraily 0 to 5. 

Z', or Targeting agent when m is 0, may be attached 
to X3 or to one of the positions designated as a, iS, 7 and 
35 8. Because the number of methylene carbons at the 6 
position is defined by n which may be greater than one, 
the 8 position includes additional points for attachment 
of a Z' or a Targeting agent. 
The term targeting agent includes any linking group 
40 that may be used to join the targeting agent. It will be 
evident to one skilled in the art that a variety of inking 
groups, including bifunctional reagents, may be em- 
ployed within the present invention. The discussion of 
targeting agent provided above for compound I-type 
conjugates is applicable here as well. 

Two methods are provided for producmg a chelate- 
targeting agent conjugate having the formula depicted 
immediately above. In the first method, a chelate is 
formed which is then joined to a targeting agent to form 
the conjugate. This method comprises the steps of re- 
A metal chelate is formed by addition of a metal or acting a compound (II) having the formula: 
metal oxide to compound II and has the following for- 
mula: 

55 



60 




50 





s MS 



65 

wherein: R1-R3, X1-X2, X3, X4-X6, Q, n, and Z are with a metal or metal oxide capable of being chelated, 
defined as described above. M is a metal), or metal thereby forming a metal chelate, and combining the 
oxide, capable of being chelated. The six atoms avail- metal chelate with a targeting agent under reactive 
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conditions to fonn the chelate-targeting agent conju- 
gate. R1-R3, X1-X2, X3, X4-X6, Q, n, and Z are defined 
as described above. The preferred, and particularly 
preferred, metals and metal oxides are also described 
above. The discussion provided above regarding target- 5 
ing agent is applicable here as well. 

In the second method for producing a chelate-target- 
ing agent conjugate, a chelating compound is jointed to 
a targeting agent to form a conjugate to which a metal 
or metal oxide is added. This method comprises the 10 
steps of combining a compound (II) having the formula: 



Z 




Ri R2 R3 ^ 

with a targeting agent under reactive conditions to form 
a derivatized targeting agent and reacting the deriva- 
tized targeting agent with a metal, or metal oxide, capa- 
ble of being chelated, thereby forming the chelate-tar- 
geting agent conjugate. R1-R3, X1-X2, X3, X4-X6, Q, n, 
and Z are defined as described above. The preferred, 
and particularly preferred, metals and metal oxides are 
also described above. The discussion provided above 
regarding targeting agent is applicable here as well. 

These two methods for producing a chelate-targeting 
agent conjugate using compound II are analogous to 
those provided above for the methods using compound 

I. The discussion above regarding the difference in the 
order of joining the targeting agent, the meaning of a 
direct reaction of a targeting agent with R', the modifi- ^ 
cation of a targeting agent before the step of combining, 
and the conversion of R' before the step of combining, 
applies to the methods using compound 11 as well as 
those methods using compound I. 

Another aspect of the invention provides kits for ^5 
producing chelate-targeting agent conju^tes for radio- 
pharmaceutical use. Two types of diagnostic and thera- 
peutic kits are prepared for use in the administration of 
chelate-targeting agent conjugates. The first type of kit 
("pre-formed*') comprises compound I, or compound 50 

II, and a targeting agent to be radiolabeled, each in 
separate containers. The compound is labeled with a 
metal, or metal oxide, radionuclide and then the result- 
ing chelate b jomed to the targeting agent Thus, the 
radionuclide is added to the chelating compoimd prior 55 
to the addition of the targeting agent 

The second type of kit ("post-formed") comprises in 
one container compound I, or compound II, attached to 
a targeting agent to be radiolabeled and in another con- 
tainer a reducing agent and a complexing agent which 60 
in combination are capable of allowing a metal, or metal 
oxide, radionuclide to form an exchange complex. 
Thus, the radionuclide is added to the chelating com- 
pound after the addition of the targeting agent 

Preferred radionuclides for use in conjunction with a 65 
diagnostic kit are ^mTc, ^Ru and 203pb and with a 
therapeutic kit are ^^^Kc, >88Re, 67Cu^ loSRh^ 198au, 
^5^Au and ^^'^BL The discussion provided above regard- 
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ing targeting agent is applicable here as well. The diag- 
nostic and therapeutic kits, both in a pre-formed and a 
post-formed type, are described in detail in Example IV. 

Yet another aspect of the invention provides methods 
for using the chelate-targeting agent conjugates de- 
scribed above for diagnostic and therapeutic purposes. 
The diagnostic method may be used to detect the pres- 
ence or absence of a target site within a mammalian 
host. The method comprises the steps of administering 
to a mammal a diagnostically effective dose of one of 
the chelate-targeting agent conjugates described above, 
where the metal or metal oxide is a radionuclide and the 
conjugate is capable of binding to the target site. This 
step is followed by a step of detecting the biodistribu- 
tion of the radionuclide in the mammal to determine the 
presence or absence of the target site in the host 

A diagnostically effective dose of a chelate-targeting 
agent conjugate is generally from about 5 to about 35 
and typically from about 10 to about 30 mCi per 70 kg 
body weight. The precise dose for a chelate-targeting 
agent conjugate is dep^dent upon the particular target- 
ing agent used because the level of uptake of a conju- 
gate into a tmnor is dependent upon the number of 
receptors for the targeting agent and its affinity for the 
receptors. The precise dose further depends upon the 
particular route of administration, e.g., intravenous, 
intracompartmental, intraarteoral or intratumoral. It 
will be evident to one skilled in the art how to deter- 
mine the optimal effective dose for a particular chelate- 
targeting agent conjugate and a particular route of ad- 
ministration. The discussion provided above regarding 
targeting agent is applicable here as well. Preferred 
radionuclides are ^^Ru, ^^mTc and 203pb. A preferred 
manmial is man. 

The therapeutic method may be used for delivering a 
radionuclide to a target site within a mammalian host. 
The method comprises the step of administering to a 
mammal a therapeutically effective dose of one of the 
chelate-targeting agent conjugates described above, 
where the metal or metal oxide is a radionuclide and the 
conjugate is capable of binding to the target site. A 
therapeutically effective dose is generally from about 
20mCi to about 300mCi. The discussion immediately 
above regarding the precise dose and the targeting 
agent portion of a chelate-targeting agent conjugate 
applies here as well. Preferred radionuclides are i^^Re, 
J88Re, 67Cu, W5Rh, i^sau, 199 Au and 2i2Bi. A preferred 
mammal is man. 

To summarize the examples which follow. Example I 
provides the preparation of chelating compounds. Ex- 
ample n describes the preparation of radiolabeled che- 
lates and conjugation with targeting agents. Example 
III describes the preparation of targeting agent-chelat- 
ing compound conjugates followed by radiolabeling of 
the conjugates. Example IV discloses kits for producing 
chelate-targeting agent conjugates. Example V de- 
scribes biodistribution studies in mice. Example VI 
provides imaging of tumors in humans. 

The following examples are offered by way of illus- 
tration and not by way of limitation. 

EXAMPLES 
EXAMPLE 1 
Preparation of Chelating Compounds 
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N-t-butoxycarbonyl-)3-carbomethoxyethyl-aziridine 3 

(i) N-t-butoxycarbonyl-L-glutamic acid-y-methyl 

ester is prepared from L-glutamic acid-y-methyl ester 20 of isopropinol. To the solution is added 5 mmol of 

according to the procedure of R. K. Olsen and T. Em- sodium borohydride. The mixture is refluxed for 16 

ery., 7. Org, Chenu 49:3527, 1984. hours, allowed to cool to ambient temperature and 5 

Cii) A 1.0 M solution of borane.THF (0.68 mL, 0.68 mL of IN HCl is added. The mixture is concentrated to 

mmol) is added to a solution of (143 mg. 0.55 mmol) in give the crude hydrochloride salt of 5. 

anhydrous tetrahydrofiiran (0.68 mL). The reaction 25 4-N-t-butoxycarbonylamino-5-(2'.3'-bis-S-isobutryl- 

solution is stirred at ambient temperature for one hour dimercaptopropionamido)pentanoic acid 10; 

and then quenched by the addition of 10 xaL of metha- (i) 2-Chloro-3-mercaptoisobutryl propionic acid 7: 

noL The reaction solution is then evaporated to give an To a solution of a-chloroacrylicacid 6 (1 mmol) in 10 

oil (160 mg). The oil is dissolved in 70 mL of ethyl mL of anhydrous methylene chloride containing 1.2 

acetate and washed with saturated NaHCOa (2X30 30 mmol oftrifluoroacetic agid, L2mmolof isothiobutyric 

mL). The organic layer is dried over anhydrous MgS04 acid is added. The solution is stirred for 2-3 hours at 

and evaporated in vacuo to give 1 as a colorless oil (120 room temperature. The solvents are evaporated in 

mg, 88%). vacuo, and the product is isolated by trituration with 

(iii) p-Toluenesufonyl chloride (0.85 g, 4.46 mmol) is anhydrous ether. Trituration procedure is repeated sev- 
added to an ice cold (O'-S' C) solution of 1 (1.00 g, 4.05 35 eral times to ensxire complete removal of excess of the 
mmol) in pyridine (8 mL). The reaction solution is reagents that are used in the reaction. 

stirred at this temperature overnight The reaction solu- (ii) 2,3-Bis(mercaptoisobutryl)propionic acid 8: A 

tion is diluted with methylene chloride (80 mL) and solution of 2-Chloro-3-mercapto-isobutryl propionic 

washed with pH 4.0 acetate buffer (3 X 70 mL), then acid 7 (1 mmol) in 15-20 mL of i-propanol containing 

with saturated bicarbonate (40 mL). The organic ex- 40 \% water, 2 mmol of isothiobutyric acid is added and 

tract is repeatedly evaporated from toluene (to azeo- the solution is refluxed for 6-8 hours. The solvents are 

trope the pyridine) to give the tosylate 2 as a brown removed under reduced pressure and the product 3 is 

viscous oil, which is used in the next step without fur- isolated by flash chromatography over silica gel. All the 

ther purification. above mercapto compounds and derivatives have foul 

(iv) A solution of the tosylate 2 (1.38 g) in anhydrous 45 odor arid wUl be handled in a well ventilated hood, 
dimethylformamide (3.0 mL) to a suspension of NaH Oii) Succinimidyl 2,3-bis(mercaptoisobutryl) propio- 
(95 mg, 3.78 mmol) in DMF (1.5 mL). The reaction nate 9. To a solution of 1 mmol of 2,3-bis. (mercap- 
mixture is stirred for 1 hour, diluted with water (40 mL) toisobutryOpropionic acid 8 in 10 mL of anhydrous 
and extracted with methylene chloride (3x40 mL). The tetrahydrofuran, 1.2 mmol of N-hydroxysuccinimide 
combined methylene chloride extracts were dried 50 and 1.2 mmol of N,N'-dicyclohexylcarbodiimide is 
(MgS04) and evaporated to give a yellow oil (0.66 g). added and the solution is stirred at ambient temperature 
The oil is purified by flash chromatography over silica for overnight The precipitated solid is filtered and the 
gel (1:1 ethyl acetate:hexanes) to give 3 as a pale yellow solvent is removed in vacuo. The residue is dissolved in 
oil, ethyl acetate and the organic layer is washed with wa- 

N-t-butoxycarbonyla2iridine-3-propionic acid 4: To a 55 ter. The ethyl acetate layer is dried, the solvent is re- 
solution of 1 mmol of 3 5 mL of ethanol is added 2 mL moved and the product is purified by flash chromatog- 
of 1 N NaOH and the mixture is stirred for 2 hours at raphy. 

ambient temperature. The mixture is partitioned be- (iv) To a solution of 5 (1 mmol) in 1 mL of dimethyl- 

tween 25 mL of water and 25 ml. of ether. The aqueous formamide is added 2 mmol of triethylamine followed 

layer is acidified to pH 2 and extracted with 2X25 mL 60 by 1.1 mmol of the above succimimidate ester 9. The 

of ether. The combined either extracts are washed with mixture is stirred for 2 hours at ambient temperature 

brine, dried with anhydrous MgS04, filtered and con- and dimethylformamide is removed in vacuo, the resi- 

centrated to yield 4. due is partitioned between IN HCl and ethyl acetate. 

4-N-t-butoxycarbonylamino-5-amino-pentanoic acid The organic layer is dried with anhydrous MgS04 and 

5: To a solution of 4 (1 mmol) in 5 mL of chloroform is 65 concentrated to give 10. 

added an excess of hydrazoic acid in chloroform. The 4-N-(S-l-ethoxyethyhnercaptoacetamido)-5-(2'3'-bis- 

mixture is stirred at ambient temperature and concen- S-isobutryl-dimercaptopropionamido)-pentanoic acid 

trated to give the azide. The azide is dissolved in 5 mL 13 
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(i) S-(l-ethoxy)ethylinercaptoacetic acid 11: To a 
solution of 17.38 g of p-toluenesulfonic acid maintained 
between — 18* C-25' C, 23.9 mL of ethylvinyl ether in 
125 mL of dichlorome-thane is added in drops over a 
period of 1-1.5 hours. When the addition is complete, 
the mixture is stirred for another I hour. To the above 
cold solution 50 mL of pH 7 phosphate buffer is added 
and the cold mixture is poured into a mixture of 800 mL 
of ethyl acetate, and 200 mL of water The organic layer 



S-l-ethoxyethylmercaptoacetate 12. The mixture is 
stirred for 2 hours at ambient temperature and the sol- 
vent is removed in vacuo. The residue is partitioned 
between 25 mL of IN HCl and 25 mL of ethyl acetate. 
The organic layer is dried with anhydrous MgS04 and 
concentrated to give 13, which is purified by silica gel 
chromatography. 

Suifosuccinimidy !-4-N-(S- 1 -ethoxyethy Imercaptoo 
acetamido)-5-(2',3'-bis-S-isobutryl-dimercaptopro- 



is removed and the aqueous layer is extracted .with 10 pionamdo) pentanoate 14: A solution of the above acid 



2x200 mL of ethyl acetate The combined layers were 
washed with brine, dried over anhydrous MgS04 and 
evaporated to give S-{l-cthoxy)ethylmercaptoacetic 
acid 11 in 100 ml. of dry tetrahydrofuran were added 
4,85 g of N-hydroxysuccinimde and 8.7 g of N,N'-dicy- 



15 



13 (1 mmol) in 1 CH3CN:H20 is stirred with N-hydrox- 
ysulfosuccinimide and 30 mmol of l-(3-dimethylamino- 
propyl)-3-ethycarbodiimide hydrochloride for over- 
night at ambient temperature. The solvents are removed 
in vacuo and the active ester -14 is isolated by HPLC. 
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clohexycarbodiimide. The mixture is stirred for 2-3 
hours. TLC in £tOAc:hexanes:acetic acid 49:50:1 (p- 
anisaldehyde stain) showed the completion of the reac- 55 
tion. Dicyclohexylurea is removed by filtration and the 
filtrate is evaporated. The oily residue is dissolved in 50 
mL of ethyl acetate and washed with water. The solu- 
tion is dried over anhydrous MgSo4 and evaporated and 
the product is purified by silica gel flash column chro- 60 
matography. 

(iii) To 1 mmol of 10 in 5 mL of methylene chloride 
is added 2 mL of trifluoroacetic acid and the mixture is 
stirred for 1 hour and concentrated in vacuo to a vis- 
cous oiL Trituration with either yielded the trifluor- 65 
oacetate salt as a white solid which is dissolved in 1 mL 
dimethylformamide. To the solution is added 5 mmol of 
triethylamine followed by 1.1 mmol of succinimidyl 



4,5-Diaxninopentanoic acid 18: 

(i) N-6enyloxycarbonyl-L-isoglutamine 15 is pre- 
pared from N-Benyloxycarbonyl-L-glutamic acid ac- 
cording to the procedure of M. Itoh, ChenL Phamu 
Bull 17:8, 1986 (1969) 

(ii) A suspension of 15.98 g of N-Benyloxy-carbonyl- 
L-isoglutamine in 500 mL of absolute ethanol contain- 
ing 0.54 g of p-toluenesulfonic acid is refluxed for 12 
hours until TLC indicated that the reaction is complete. 
The solution is concentrated to a small volume and 
addition f ether gave a solid. The solid is filtered and 
recrystailized to give 16.0 g of N-Benyloxycarbonyl-L- 
isoglutamine ethyl ester, 16. 
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(iii) To a suspension of 21.45 g of N-carbobenzoxy- 
carbonyl-L-isogiutamine ethyl ester in 200 mL of dry 
tetrahydrofuran kept at 0* C, to — 5* C. in an ice-bath 
11.82 raL of pyridine is added. To the above solution 
9.84 mL of trifluoroacetic anhydride in 100 mL of tetra- 
hydrofuran is added dropwise at such a rate that the 
bath temperature is maintained. The solution is stirred 
for 2 hours at this temperature. The solution is evapo- 
rated to dryness and the oil is dissolved in ethyl acetate. 
The organic layer is washed with 1.0 N hydrochloric 
acid and sterile water. The solution is dried and evapo- 
rated in vacuo to give an oil to give 14.8 g of ediyl 
y-(N-carbobenzoxy)amino-y-cyanobutanoate, 17. 

0 v) A solution of 3.0 g of ethyl 7-(N-carbobenzox- 
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water. The organic layer is dried with anhydrous so- 
dium sulfate and evaporated to give 19. 

Succinimidyl-bis-4,5-(2',3'-mercaptoisobutyryl) pro- 
pionamido pentanoate 20: To a solution of bis-4,5-(2',3'- 
mercaptoisobutyryl) propionamido pentanoic acid 19 (1 
mmol) in 10 mL of anhydrous tetrahydrofuran, N,N'- 
dicyclohexylohexylcarbodiimide (1.2 mmol) and N- 
hydroxysuccinimide (1.2 mmol) is added. The mixture 
is stirred overnight at room temperature Dicyclohex- 
ylurea is filtered and the solution is evaporated to dry- 
ness. The residue is dissolved in. ethyl acetate and 
washed with water, dried with anhydrous MgS04 and 
evaporated to give 20. The product is purified by silica 
gel chromatography followed by HPLC. 
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y)amino-7-cyanobutanoate in 80 mL of ethanol contain- 
ing 80 mL of 6N HCl is hydrogenated at 60 psi over 0.5 
g of ptOi in a Paar apparatus for 14-24 hours. The 50 
completion of reaction is checked by NMR and TLC, 
The catalyst is removed by filtration and the solvent is 
removed in vacuo. The thick syrup is dissolved in 100 
mL of 6N HCl and stirred at 70* C. for approximately 
four hours. The solution is evaporated under vacuimi to 55 
a thin oil. Addition of ethanol gave 4,5-dinunopentanoic 
acid dihydro-chloride 18 as a solid. The solid is recrys- 
tallized firom ethanol-water and dried in a vacuum des- * 
sicator. 

Bis-4,5-(2',3'-mercaptioisobuyryl)propionamido pen- 60 
tanoic acid 19: A solution of 4,5-diaminopentanoic acid 
18 (1 mmol) in 10 mL of dimethylformamide is treated 
with 2.2 mmol of triethylamine and stirred for a few 
minutes. To this suspension 2.2 mmol of succinimidyl 
2,3-bis (mercaptoisobutryl) propionate 9 (Scheme 1). 65 
The solution is stirred for 2 hours at ambient tempera- 
ture. Dimethylformamide is removed in vacuo and the 
residue is dissolved in ethyl acetate and washed with 



2,3-Bis(mercaptoisobutryl) propanol 21: To an ice- 
cold solution of 2,3-bis(mercaptoisobutryl) propionic 
acid 9 (Scheme 1) (1 mmol) in 10 mL of anhydrous 
tetrahydrofuran, 1.5 mL of IM BH3,THF is added over 
a period of 5 minutes (min.). The solution is stirred for 
another 10 min. and evaporated to dryness. Ten ml of 
water is added to the residue and the mixture is ex- 
tracted with ethyl acetate. The organic layer is washed 
with water, dried and evaporated in vacuo to give the 
product 21, which is purified by flash column chroma- 
tography. 

N,N'-Dimethyl-4,5-diaminopentanoic acid 23: To a 
solution of 4,5-diaminopcntanoic acid (18; Scheme 2) (2 
mmol) in 30 mL of anhydrous dimethylformamide, 5 
mmol of di-t-butyldicarbonate is added and the solution 
is stirred overnight at room temperature. The solvent is 
removed in vacuo and the residue is crystallized to give 
N,N'-di-t-butoxycarbonylpentanoic acid. 
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To a solution of the above ester (1 mmol) in 10 mL of 
anhydrous dimethylformamide, 1 g of Ag20 is added 
followed by 4 mmol of methyl iodide. The mixture is 
kept at 50* C. for 2 hours. The solid is filtered and evap- 
orated. The residue is dissolved in methylene chloride 
and washed with water. Organic layer is evaporated 
and the product is purified by chromatography to give 
N,N'-dimethyl-N,N'-di-t-butoxycarbonyl-pentanoic 
acid methyl ester. 

A solution of the above methyl ester is dissolved in 2 
mL of ethanol and 10 mL 6N hydrochloric acid and 
refluxed for 5 hours. The aqueous solution is evaporated 
to dryness and the residue is dissolved in 5-10 mL of 
water. This process is repeated two more times and the 
residue is crystallized from ethano-water to give N,N'- 
Dimethyl-4,5-diminopentanoic acid 23 as dihydrochlor- 
ide. 

35 N,N'-Dimethyl-bis-4,5-(2',3'-mercaptoisobutyryl 
pentanoic acid 24: A solution of 21 (2 mmol) in 5 mL of 
methylene chloride containing 3 mmol of pyridine is 
cooled to 0* C. and 2.1 mmol of methanesulfonyl chlo- 
ride is added. The solution is stirred at this temperature 25 
for 2 hours to give the mesylate 22 in-situ. The mesylate 
most likely is present as sulfonitmi ion. To this solution, 
a solution of 23 (I mmol) in 5 mL of dimethyl form- 
amide is added and stirred for 2 hours. The solution is 
allowed to come to room temperature and refluxed for 
another 2 hours. Evaporation of the solvent followed 
by chromatography yield the product, 24. 

Succinimidyl-N,N'-dimethyI-bis-4,5-(2',3'-mercap- 
toisobutyryl)-propionyl pentanoate 25: The active ester 
is prepared by mixed anhydride method. A solution of 
the acid 24 (1 mmol) in 5 mL of anhydrous tetrahydro- 
furan and 2 mmol of 4-dimethylaminopyridine is cooled 
to —5* C. to 0" C. To this solution is added 1.1 mmol of 40 
isobutylchlorofonnate and stirred at this temperature 
for 10 min. A pre-cooled solution of N-hydroxysuccini- 
mide (1.1 mmol) in 5 mL is added and the solution is 
stirred for another hour. Water is added and the mixture 
is evaporated. The residue is dissolved in 20 mL of 
methylene chloride and washed with water The organic 
layer is dried and evaporated. The product 25 is isolated 
by reverse phase IBPLC. 
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2-Carboxymetfaylthio-2-methyltetrahydrofuran 26: A 
solution of mercaptoacetic acid (10 mmol) in 5 mL of 
dichloromethane containing p-toluenesulfonic acid 
mono-hydrate (100 mg) is cooled with stirring to — 10* 
to -25' C. 2-Methyl-4,5-dihydrofuran (10 mmol) in 10 
mL of dichloromethane is added dropwise to the cold 
solution while the temperature is maintained between 
— 10° C to -25* C. Then 5 mL of phosphate buffer is 
added and the solution is allowed to come to room 
temperature. The mixture is poured into a 30 mL of 
ethyl acetate and 10 mL of water. Organic layer is sepa- 
rated and the aqueous layer is extracted with ethyl 
acetate. The combined ethyl acetate layer is dried and 
evaporated to give 26 as a colorless oil. 

2-Hydroxyethylthio-2-methyltetrahydrofuran 27: To 
a solution of 2 nmiol of 26 in 10 mL of anhydrous tetra- 
hydrofuran (kept at 0* C.) 3 mL of BH3. THF complex 
(IM) is added slowly. The mixture is stirred for 3 hours 
60 in a nitrogen atmosphere at 0" C. Approximately 10 mL 
of water added slowly and the reaction is stirred for 15 
min. The mixture is concentrated in vacuo at 40°-45'' C. 
and the aqueous residue is extracted with ethyl acetate. 
The organic layer is washed with 10% bicarbonate. The 
ethyl acetate layer is dried and evaporated to give the 
product, 27 as an oil. 

2-Methylsulfonylmethylthio-2-methytetrahydrofuran 
28: To a solution of 27 (2 mmol) in 10 mL of methylene 
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chloride containing 2 mmol of triethylamine maintained 
at 0* C. is added methanesulfonylchloride (2 mmol) and 
the solution is stirred at room temperature for 1 hour. 
ICThe mesylate 28 is unstable and hence the N-albflation 
is earned out in situ without isolating the mesylate as 
described in the next step. 

N,N,N'N'-Tetra-(S-2-methyltetrahydrofuran-2-yl)-i3- 
mercaptoethyl-3-p-nitrophenyl- 1 ,2-dianiinopropane 30: 
To the above solution 0.5 mmol of l,2-diamino-3-p- 
nitrophenylpropane 29 (prepared according to the pro- 
cedure of L. H. DeRiemer, C. F. Meares, D. A. Good- 
win and C. L Diamanti, J. of Labelled Compounds and 
Radiopharmaceuticals 18:1517, 1981) is added and the 
solution is stirred at room temperature and refluxed for 
another 2-3 hours. The product is isolated by evapora- 
tion purified by silica gel chromatography. 
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N,N,N',N*-Tetra-(S-2-methyltetrahydrofuran-2-yl)- 
)3-mercaptoethyl-3-p-amino-phenyl- 1 ,2-diaminopro- 
pane 31: A solution of the nitro compound 30 (1 mmol) 
in ethanohbsolute mg 

5 (Adams catalyst) is shaken in a Paar hydrogenator for 3 
hours. The catalyst is removed by filtration and the 
solvent is removed in vacuo to yield the amino deriva- 
tive 31, which is used in the next without further purifi- 
cation. 

10 N.N,N'N'-Tetra-(S-2-methyltetrahydrofuran-2-yl)- 
^mercaptoethyl-3-p-isothiocyanatophenyl- 1 ,2-diamino- 
propane 32: To a solution of the above amino, com- 
pound in 20 mL of methylene chloride is added. I mmol 
of thiocarbonyldiimidazole is added and the mixture is 

15 stirred at room temperature overnight. The solution is 
diluted with methylene chloride and washed with wa- 
ter. Evaporation and purification by liquid chromatog- 
raphy yields the isothiocyanate 32. 
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MTF« ^ ^ CHj; 

TMSE = (CHj)3— Si— CH2— CHj— O— CO— 

N-{S-2'-Methyl-tetrahydrofuran-2-yl)-i3-mercapto- 
ethyl-y-aminobutryic acid 34: A solution of 28(1 mmol) 
(see Scheme 4) and Y-aminobutyrio acid in 10 mL of 

methylene chloride and 2 mL pyridine is stirred for under reflux with 1 mmol of N-(S-2'-Methyltetrahy- 

10-15 hours at room temperature. The organic solvent drofum-2-y-l)-a-mercaptoethyl-i3-aminobutyric acid 

is evaporated and the residue is dissolved m water. 34 at ambient temperature for 6 hours. Evaporation of 

Acidification with glacial acetic acid precipitates the the solvent in vacuo and purification of the residue by 

product, N-(S-2'-methyI-tetrahydrofuran-2-yl)-)3-mer- silica gel chromatography yields the desired product 39. 

captoethyl y-aminobutyric acid 34. N-(S-2'-MethyI-tetrahydrofuran-2'-yl)-)3-mercapto- 

l,3-(N,N'-Bis-8-trimethylsilylethoxycarbonyl)- ethyI-N-03,y-diaminopropul)-y-butyric acid 40: To a 
diamino-2-propanol 36: To a solution of 10 mmol of solution of 1 mmol of 39 in 5 niL of tetrahydrofuran, 2.5 
l,3-diamino-2-propanol 35 in 30 mL of 5% sodium bi- ^ mL of tetra-n-buty ammonium Ooride is added and the 
carbonate and 10 mL of methylene chloride 22 mmol of solution is stirred for 30 minutes at room temperature. 

iS-trimethylslylethoxycarbonyl chloride is added and The solvent is removed in vacuo, the residue is dis- 

the mixtiu'e is stirred for 6 hours at room temperature. solved in water and acidified to pH =3.5-4. The precip- 

The organic layer is separated and the aqueous layer is itated diamine acid 40 is filtered and dried, 

extracted with 2x50 mL of methylene chloride. The S-Isobutrylmercaptoacetic acid succinimidate ester 

combined organic layer is washed with water, dried and 41: 0) To a solution of 61 mg (0.47 mmol) of CoClain 20 

evaporated to give the product 26. mL of acetonitrile under nitrogen atmosphere is added 

l,3-(N,N'-Bis-)3-trimethylsilylethoxycarbonyI)- dropwise over 15 minutes, a solution of 4.92 mL (5.0 g. 

diamino-2-0-(p-tosyl)propanol 37: To a solution of the 47 mmol) of isobutryl chloride and 2.97 mL (3,94 g, 43 

above compound (2 mmol) in 5 mL of pyridine at 0' C, mmol) of mercaptoacetic acid in 50 mL of acetonitrile. 

2 mmol of p-toluenesulfonyl chloride is added and the The mixture is stirred at room temperature for 2 hours 

mixture is stirred at this temperature for 2 hours and and worked up by evaporating acetonitrile. The blue oil 

kept at 0* C. overnight The mixture is poured into b partitioned between 50 mL of 0.1 N HCl and 100 mL 

crushed ice to precipitate the product, which is purified of either. The ether layer is washed with brine and 
by crystallization. 55 concentrated to give an oiL Purification is done by silica 

2-N-03-Trimethylsilylethoxycarbonyl)-amnomethyl- gel column chromatography (26% ethyl acetate, 4% 

l-03)-Trimethyisilylethoxycarbonyl)-a2iridine 38: To a acetic acid, 70% hexanes) yielded 3.30 g (47%) of S- 

solution of the above tosyl derivative (I mmol) 27-, in 5 isobutrylmercaptoacetic acid as an oil; NMR 

mL of dry dimethylforinamide, 1.1 mmol of sodium (CDCI3): 61.23 (d,6H), 2.84 (m,lH), 3,85 (s,2H). 
hydride is added and the solution is stirred for 2 hours at ^ (ii) To a solution of 3.30 g (20 mmol) of the above 

room temperature. The solvent is removed in vacuo and acid in 100 mL of methylene chloride at 0* C. is added 

the residue is dissolved in ethyl acetate The solution is 2.53 g (22 mmol) of N-hydroxysuccinimide followed by 

washed with water, dried with anhydrous sodium sul- 4.52 g of N,N'-dicyclohexylcarbodiimide, The mixture 

fate and evaporated to give the aziridine derivative 28. is allowed to stir for 16 hours aDowing the ice bath to 

N-(S-2'-Methyl-tetrahydrofuran-2'-yl)-j3-mercapto- equilibrate to room temperature. The mixture is chilled 

ethyl-N-(8,Y-di-trimethylsilylethoxycarbonyl-amino- and filtered through ceUte, The filtrate is concentrated 

propyl-y-butyric acid 39: A solution of the aziridine and purified by silica gel chromatography (50% 

derivative (1 mmol) 38, m 5 mL of acetonitrile is stirred EtOAc-50% hexanes) to give 4.48 g of 41 as a viscous 
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oU: *H NMR (CDCI3): 61.23 (d,6H), 2.80 (m,lH), 2.81 
(s,4H), 3.98 (s,2H). 

N-(S-2'-Methyl-tetrahydrofuran-2'-yl>^-inercapto- 
ethyl-N-03,y-bis-S-isobutryl-n3ercaptoacetamido)-y- 5 
butyric acid 42: To a solution of 1 mmol of 40 5 mL of 
dimethylforraamide, S-isobutrylmercaptoacetic acid 
succinimidate ester 41 (2 mmol) is added and the solu- 
tion is stirred for 3 hours at room temperature. The 10 
solvent is removed in vacuo and the residue is dissolved 
in ethyl acetate. The organic layer is washed with wa- 
ter, dried and evaporated to give 42. 

N-(S-2'-Methyl-tetrahydrofuran-2'-yl)-^-mercapto- 
ethyl-N-03,y-bis-S-isobutryl-mercaptoacetaniido)-y- 
butyric acid 43: To a solution of the above compound (1 
mmol) in 5 mL of tetrahydrofuran containing 1 mmol of 
4-dimethylaminopyridine kept at 0* C, 1 mmol of isobu- 
tylchloroformate is added and the solution is stirred for 
20 mins. To this solution a pre-cooled solution of N- 
hydroxysulfosuccinimide (1 mmol) in 2 mL of anhy- 
drous tetrahydrofuran is added. The solution is stirred 
for 1 hour and allowed to warm to room temperature. 
The solvent is removed in vacuo and the residue is 
dissolved in methylene chloride. The organic layer is 
washed with water, dried and evaporated to give the 
ester 43. Final purification is carried out by high pres- 
sure liquid chromatography. 
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N-<P,^-Dicyanol)ethylene-N-)3(S-2'-methyltetrahy- 
drofuran-2-yl)mercapto-ethyl-y-butyryic acid 45: An 
equimolar mixture of ethyoxyethylenemalononitrile 44 
and compound 34 (scheme 5) are heated in an oil bath at 
95' to 100* C. with an air condenser. The mixture is 
cooled to room temperature and the solidified mass is 
broken up in ethanol and filtered. The filtered solid is 
recrystalUzed, 
N.;5,j3-Dicyano)ethyl-N-)3-(S-2'-methyl-tetrahy- 
50 drofuran-2-yl)mercapto-ethyl-butyryic acid 46: To a 
solution of the compound 45 (1 mmol) in 10 mL of 
isopropanol containing 1 gm of silica gel, 3 mmol of 
sodium borohydride is added and the mixture is stirred 
for 2-3 hours at room temperature. The silica gel b 
removed by filtration and the filtrate is evaporated to 
dryness. The residue is dissolved in ethyl acetate and 
washed with water, dried and evaporated to give the 
product If necessary, the product is purified by silica 
gel flash chromatography. 

N-i3,i3-Diaminomethyl)ethyl-N-j3-(S-2'-methyltet- 
rahydrofuran-2-yl>mercapto-ethyl-y-butyryic acid 47: 
A solution of the compound 46 (1 mmol) dissolved in 10 
mL of ethanol containing 2 mmol of hydrogen chloride 
is hydrogenated at 50 psi in the presence of sulfided 
Pd-on carbon. After 10-12 hours the catalyst is re- 
moved by filtration and the filtrate is evaporated in 
vacuo. The product diamine 47 is used in the succeeding 
step without fiirther purification. 
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N-05,j3-S-2'-inethylmetetrahydrofuran-2-yImercap- 
toacetainidomethyl)-€thyl-N-^-(S-2'-methylmetetrahy- 
dro furan-2-yl)mercaptoethyl-y-butyryic acid 49 

(i) 2-methyI-tetrahydrofuran-2-yl succinimidate ester 
48: This compound is prepared from 26 (scheme 4) and 
N-hydroxysuccinimide according to the general proce- 
dure described for the preparation of 12 (scheme 1). 

(ii) To a solution of the above diamine 47 (1 mmol) in 
5 mL of anydrous dimethylformamide containing 2.1 
mmol of triethylamine, 2,1 mmol of 2-methyl-tetrahy- 
drofuran-2-yl succinimidate ester 48 is added and the 
mixture is stirred for 2-3 hours at room temperature. 
The solvent is removed in vacuo and the residue is 
dissolved in 10-15 mL of ethyl acetate. The organic 
layer is washed with water, dried over anhydrous so- 
dium sulfate and evaporated. The product, 49 is purified 
by flash column silica gel chromatography. 

N-03,j3-S-2'-methylmetetrahydrofuran-2-ylmercarap- 
toacetamidomethyl>ethyl-N-j3-(S-2'-methyhnetetra- 
hydro furan-2-yl)mercaptoethyl-'y-butyryic acid tetra- 
fluorophenyl ester 50: A solution of the above acid (1 
mmol) in 15-20 mL of tetrahydrofuran is stirred with 
1.1 mmol of tetrafluorophenol and 1.1 mmol of N,N- 
dicyclohexylcarbodiimide. After 8 hours at room tem- 
perature, the precipitated dicyclohexyl urea is filtered 30 
and the filtrate is evaporated to dryness. The residue is 
dissolved in ethyl acetate and washed with water. The 
organic layer is dried over anhydrous sodium sulfate 
and evaporated to dryness. Trituration with ether to 
remove excess tetraflurophenol Qn any present) gives 
the product 50. The final purification is carried out in 
HpLC. 
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4-Hydroxymethyl-4-(t-butoxycarbonyl- 
65 )aminobutanoic acid-t-butyl ester 52: Cbz-Glu-OtBu 51 
is converted to 52 via the methyl ester followed by 
LiBH4 reduction according to the procedure of Y. 
Hamada, M. Shibata, T. Sugiura, S. Kato and T. Shioiri, 



/. Org. Chem. 52:1242,. 1987 used for the conversion of 
t-Boc-Glu-OtBu to the corresponding alcohol. 

N-t-Carbobenzyloxy-aziridine-propionic acid t-butyl 

ester 53 ^ 

(i) p-Toluene sulfonyl chloride (1.1 mmol) is added to 
an ice-cold solution of 52 (1 mmol) in pyridine (5 mL). 
the reaction is stirred at this temperature overnight. The 
solution is diluted with 20 mL of methylene chloride 
and washed with pH 4.0 buffer and then with saturated 10 
bicarbonate. The organic extract is repeatedly evapo- 
rated with toluene giving the tosylate of 52 which is 
used in the next step without further purification. 

Cii) A solution of the tosylate (1 mmol) in dimethyl- 
formamide (1 mL) is added to a suspension of NaH (1.1 IS 
mmol) in dimethylformamide (1 ml.). The reaction mix- 
ture is stirred for one hour, diluted with water and 
extracted with methylene chloride. The organic layer is 
washed with water, dried over anhydrous MgS04 and 
evaporated to give 53. Purification is achieved by silica 20 
gel flash column chromatography. 

5-N-03-S-acetamidomethyl)ethyl-5-N-(7-phenylacetyl)- 
propyl-4-N'-carbobenzyloxy)-4,5-diaminopentanoic 
acid-t-butyl ester 55 

0) S-Acetamido-methylmercaptoacetic acid is pre- 
pared according to the procedure of J. D. Milkowski, 
D, Veber, R. Hirchmann, Org, Syn. 59:190 using reac- 
tion condition similar to the one described for the prep- 
aration of S-acetamidomethyl-L-cysteine. 30 

Qi) Reduction of the acid in step (i) to the alcohol, 
mesylation of the alcohol and displacement of the me- 
sylate with 7-aminobutyric acid benzyl ester are accom- 
plished to give N-03-S-acetamidomethyl)ethyl-y- 
aminobutyric acid benzyl ester 54 in a procedure similar 35 
to the one described in Scheme 4, for ^e preparation of 
34. 

(iii) To a solution of N-carbobenzyloxy-aziridine pro- 
pionic acid t-butyl ester 53 (1 mmol) in anhydrous tetra- 
hydrofuran (5 mL), is added 1 mmol of N-03-S- 40 
acetamidomethyl)ethyl-y-aminobutyric acid benzyl 
ester 54 (from step ii)) and the inixture is reluxed for 6-8 
hours. The solvent is removed and the product 55 is 
purified by silica gel chromatography. 

5-N-(^-S-acetamidomethyl)ethyl-5-N-(y- 45 
phenylacetyl)propyl-4-N'-(carbo-benzyloxy)-2- 
selenophenyl-4, 5-diaminopentanoic acid-t-buty ester 
56: Seleno-phenylation of 55 is carried out to yield 56 
according to the procedure of R. B. Silverman, B. J. 
Invergo and J. Mathew, /. Med Chem, 29(10): 1840, 50 
1986, similar to the one used for the preparation of 
methyl 4-[(benzyloxy-carbonyl)aniino]-5-fluoropcn- 
tenoate. 

5-N-03-S-acetamidomethyl)ethyl 5-N-(y- 
phenylacetyl)propyl 4-N'-(carbo-benzyloxy)-4,5- 55 
diamino-2-pen tanoic acid-t-buty ester 57: Oxidation 
and elimination of selenoxy phenyl group in 56to yield 
57 is carried out according to the procedure of R. B. 
Silverman, B. L Invergo and J. Mathew, /. Med Chem, 
29(10):184O, 1986, similar to the one used for the prepa- 60 
ration of methyl 4-[(benzyloxy-carbonyl)amino]-5- 
fluoro-2-pentenoate. 

5-N-0J-S-acetamidomethyl)ethyl-5-N-(7- 
phenylacetyl)propyl-3-N-benzyl-4-N'-(carbo-benzylox- 
y)-3,4,5-tria mino-pentanoic acid-t-butyl ester 58: The 65 
preceding pentenoate 57 (1 mmol) is diluted with meth- 
anol (distilled from Mg) and 3 mmol of benzylamine is 
added. The reaction is stirred in nitrogen atmosphere at 
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45* to 50* C. for overnight. Evaporation of the solvent 
is carried out in vacuo and the product is isolated by 
silica gel chromatography. 

5-N-03-S-acetamidomethyl)ethyl-5-N-(y-carboxy) 
propyl-3,4,5-tri-amino pentanoic acid-t-buty ester 59: A 
solution of 58 (1 mmol) in 20 mL of ethanol containing 
3 equivalents hydrogen chloride is hydrogenated in a 
Paar apparatus over pd-C (10%) for 24 hours. The 
catalyst is removed by filtration through celite and the 
solvent is removed in vacuo to yield the product. 

5-N-03-S-acetamidomethyl)ethyl-5-N-(y-2,3,5,6-tetra- 
fluorophenoxyacetyl)-propyl-3,4-bis-(S-isobutyrylmer- 
capto actamido)-3,4,5-triamino-pentanoic acid 60 

. (i) To a solution of the above compound (1 mmol) in 
2-3 mL of dimethyl-formamide containing 3 mmol of 
triethylamine is stirred with S-ispbutrylmercaptoacetic 
acid succinimidate ester (41: Scheme 5) for 6-8 hours. 
7,The solvent is removed by evaporation and the resi- 
due is dissolved in ethyl acetate. The organic layer is 
washed with water, dried and evaporated to give the 
product, 5-N-03-S-acetamidomethyl)ethyl-5-N-(y- 
phenoxyacetyl)-propyl-3, 4-bis-(S-isobutyryl-mercap- 
toactamido)-3,4,5-triamino pentanoic acid-t-butyl ester. 

(ii) The tetrafluorophenyl ester is of the preceding 
acid is prepared by mixed anhydride method according 
to the procedure described earlier for the preparation of 
46 (see scheme 6). 

(iii) The above mixed ester is dissolved in 20 mL of 
methylene chloride, to which ethereal hydrogen chlo- 
ride is added. After few hours the precipitated solid is 
removed by filtration and washed with either to yield 
the final product, 60 as the hydrochloride salt. Final 
purification is carried out by liquid chromatography. 

EXAMPLE II 

Preparation of Radiolabeled Chelate and Conjugation 
with Antibody 

A. Radiolabeling of Chelating Compoimds 

1. Technetium-99m labeling 

Method a: To 100 /xl of solution containing 5 mg of 
sodium gluconate and 0.1 mg of SnCh in water, at pH 
=6.1, 75-100 mCi of 1 mL. ^'n'c04'(pertechnetate) is 
added. After incubation at room temperature for 10 
min. to form a ^"*Tc-gluconate complex, 100 ;ig of a 
chelating compound (see Example I) dissolved in i- 
propanohacetic acid, 90:10, at 1 mg/mL, 80 ftl of 0.2 N 
HCl and 200 fiL of i-propanol are added in that order. 
The reaction mixtixre is heated to 75' C. for 15 min., 
then cooled in ice for 5 min. 

Method b: Alternatively, 1.0 mL of '^Mo/^^mjc 
generator eluted pertechnetate (75-100 mCi) is added to 
a vial containing a lyophilized mixture comprising so- 
dium gluconate, staimous chloride, 0.1 mg; gentisic 
acid, 0.1 mg; lactose, 25 mg at pH 6.1. The vial is agi- 
tated gently to mix die contents by inversion and then 
incubated at room temperature for 10 mins. 

2. Rhenium- 188 labeling. 

The i*8Re chelate of the chelating compound is pre- 
pared by a similar procedure. Sodium perrhenate (3 mL, 
30 mCi/mL produced from a i88W/i88Re generator) is 
added to a vial containing a lyophilized mixture com- 
prising citric acid, 75 mg; stannous chloride, 0.75 mg; 
gentisic acid, 0.25 mg and lactose, 100 mg. The vial is 
agitated gently to mix the contents, then incubated at 
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room temperature for 10 min. To a separate vial con- 
taining 0.50 mg of the chelating compound, 0.50 mL of 

2-propanol is added and the vial is agitated for 2 min. to Preparation of Antibody-Chelating Compound 

completely dissolve the compound. Then 0.3 mL of this Conjugate Followed by Labeling with 99«Tc or >88Re 

solutionis 5 A. Preparation of the Conjugate 

35 transferred to the vial containing the l^SRe-citrate ^ , . . . . ^ 

complex. The reaction mixture is heated to 75' G. for 15 , ^« f ^^^^V conjugation reaction is performed n a 

min., then cooled in ice for 5 min. fmal volmne^^^^^^^ mL: 1 mg of the che ating compound 

(61.67 p,mol), 1.1 mg of a monoclonal antibody (IgG, 

3. Rhemum-186 labeling. 10 7.8 nmol), 1-2 mL of distilled dimethyl formamide (if 

The iMRechelateof the chelating compound is pre- necessary to MlubUize the chelating compoim 

pared by a procedure similar to the »8Re procedure. °l ^"^^ ^iP'^ ^ bicarbonate buffer at pH 8.5. After 

Perrhenate "^ReO* as sodium, lithium, ammonimn or for 90 mm. at room temperature, 4.4 mL of 5N 

any other suitable counter ion is obtained from irradia- ^^"^ ^'^^ ^fter an additional 30 mm., 

tion of ««5Re (0.1 to few mg) in a nuclear reactor disso- reaction mature is centnfuged o remove any par- 

lution and purification of the original solution by previ- ^''"^'^ supematent is fnicuoned by gel fil ra- 
ously described procedure (Venderhydeh et al., Inorg. 

Chem. 24:1666. 1985) or any oUier suitable procedure. niomtored at 280 mn and the fractions contammg mono- 

*u isfiT* r\ • 1 • jj J A-jc T * J menc antibody conjugate are pooled and concentrated 

To the "*Re04 vial is added 0.75 mL reconstituted ,n • a ^ *i j « /^^ nnn i i • i.* 
,^ jrirtTr*-t ^ jjj* .,20inan Amicon stirred cell (30,000 molecular weight 

solution made of 1.0 mL of sterile water added to a via! ^ ^ 

containing a lyophilized mixture comprising citric acid ^' 

25 mg, stannous chloride 1 mg, gentisic acid 1 mg and B. Radiolabeling of the Conjugate 

lactose 75 mg. ^ 1. Technetium-99m labeling 

The vial is agitated gently to mix the contents, then 25 

incubated at room temperature of 75* C. To the separate Stannous tartrate kits were prepared from degassed 

vial containing the chelating compound, 2-propanol is solutions of 0.5 mL disodium tartrate (10 mg/mL) and 

added to obtam a completely dissolved solution. An 0.1 mL stannous chloride (l.O mg/mL in ethanol) in an 

appropriate amount of this solution to give a Ugand to evacuated vial under nitrogen atmosphere. To a stan- 

rhenium mole ratio of 1:5 (preferentially between 1 and 30 tartrate kit at pH 6,0, sodium pertechnetate 0.5 mL 

1,5 ligantj to rhenium mole ratio) is then transfered to (about 15 mCi) is added and allowed to stand at room 

the vial contaimng the 186Re-citrate complex. The temperature for 5 min. QuaUty control for 99mTc.tar- 

reaction mixture is heated to 75* C. for 20 min. then ^""J^^. msoluble 99^c is earned out on Gebnan 

cooled on ice for 5 min. «*^y^ ^^^^ne and 0.01 M sodium 

35 tartrate pH 7.0 eluents, respectively, '''^c-tartrate 

B. Conjugation of Radiolabeled Chelate with Antibody formation is typically 98-99% with insoluble 99m7c 

To the above ^-n:c chelate, 100 ^1 of bicarbonate ""^^ ^ '^cOz ranging from 0.1 to 0.2%. 

buffer is added so that the pH of the solution is about ^.^^.^T^'^Jfj^' ul of sodium phosphate (0.2 

6.0. Next, 400 ^1 of a solution containing antibody (or ^if anUbody^helatmg compound 

fragment) at 5 mg/mL is added in the same buffer. The 40 conjugate (1.9 mg/mL^ 

an^dy is a monoclonal antibody (or fragments ^fj^^'f^^^^-'''^^^^^ 

rv J • * J XTO xjir f\e xra t tt in xto tratc (about 3 to 5 mCl IS added and heated at 37 C for 

thereon designated as NR-ML-05, NR-LU-10, NR-CO- •i. tm. ^ ^ u ^ u ** j 

xTii /^T-f ni r- r u i i 1 houT. The pcrccnt technetium bound to protem and 

^, '^"^l T "^^^^J"^ the formation Of pertechnetate are determined by ITLC 

colon and CEA secretmg tumor cells, respectively. Tlie ^j^^^ 12% TCA or 50% MeOH: 10% ammonium 

r^uonmuturesaremcubat^^^ ^^^^^ ^l^jj j.^^^^l ^I^^^ respectively. Tech- 

ll'l^ as necessary. The ITLC procedure (Nuclear ^^^^ incorporation typicaUy range from 70-90% on a 

Medicme Technolcgy and Techntgues ed Bermer. D., ^i,^^^ compound-Ab conjugate with a chelating 

Longan J., and Wells L.: The C V Mosby Co.. St. compound per^tibody ratio of 1.5 to 3.0. 
Loms, Mo., 1981; pp, 172-174) usmg 12% tnchloroace- 

tic acid is utilized to determine the percentage of che* 2. Rhenium-i88 labeling. 

late attached to the protein, jj^^ issRg chelate form of the conjugate is prepared 

In the case of radiorheniums, an extra purification ^ procedure similar to that described for i88Re above, 
step is added depending on the form, e,g., FiBb% of the Sodium perrhenate (3 mL, 15 mCi, produced from a 
antibody to be labeled. This step is designed to guaran- l88w/i88Rc generator) is added to a vial containing a 
tee efficient labeling of the F(ab')2 fragment, which is * lyophilized mixture comprising: citric acid, 75 mg; stan- 
usually more susceptible, to reduction into two Fab' ^qus chloride, 0.75 mg; gentisic acid, 0.25 mg; and lac- 
fragments. However, the labeling approach is similar to tose, 75 mg. The vial is agitated gendy to mix the con- 
technetium using the appropriate pH and volume of tents, then incubated at 75* C. for 15 min. to form a 
buffer for conjugation. 60 activated i8«Re-citrate complex. 

In all cases, the final purification of the antibody-che- Labeling of the conjugate is carried out in a similar 

late complex is achieved by passing the conjugate procedure described for 99mjc above, 

through an ion exchange (DEAE or QAE Sephadex) or ^ » u • i oz: i t. i- 

gel permeation column (as sephadex 0-25 or acrylam- Rhemum-186 labelmg. 

ide gel). The purity of the conjugate is over 90% before 65 The ^^^Re chelate form of the conjugate is obtained 

administration to test animals and to humans. Asceptic by a procedure similar to the ^^^Re labeling of the che- 

techniques are used throughout the radiolabeled mono- lating compound described above. To the purified per- 

clonal antibody preparation for human administration. rhcnate vial is added 0.75 mL of the reconstituted solu* 
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tion made of 1.0 mL of sterile water added to a vial 
containing a lyophilized mixture comprising citric acid 
15 mg, stannous chloride 1 mg, gentisic acid 1 mg and 
lactose 75 mg. The vial is incubated at 75* C. for 15 niin. 
then cooled for 5 min. to field i86Re-citrate complex 
ready for labeling of the conjugate. Labeling of the 
conjugate is carried out in a similar procedure described 
for Tc-99m with a protein to rhenium mole ratio vary- 
ing from 0,2 to 10 (preferentially around 1). 

EXAMPLE IV 
Kits 

Two different types, pre-formed and post-formed, of 
diagnostic and therapeutic kits are prepared for use in 
the administration, of chelate-protein conjugates: (1) 
Conjugates f^om a chelate which is produced by radi- 
olabeling a chelating compound followed by attach- 
ment to a protein, e.g., Example II, and (2) Conjugates 
produced by radiolabeling a chelating compound- 
protein conjugate, e.g., Example III. 

A. Diagnostic Kit 

1. Pre-formed: Technetium-99m labeUng of chelating 
compound followed by conjugation of the chelate with 25 
an antibody 

A diagnostic kit containing reagents for preparation 
of a '5">Tc-radiolabeled^ protein conjugate is used as 
follows. The procedures are conducted under condi- 
tions which ensure the sterility of the product (e.g., 30 
sterile vials and sterilized reagents are used where possi- 
ble, and reagents are transferred using sterile syringes). 
Proper shielding is used once the radioisotope is intro- 
duced. 

One mL of sterile water for injection is added to a 35 
sterile vial containing a stannous gluconate complex (50 
mg sodium gluconate and 1.2 mg stannous chloride 
dihydrate in dry solid form) and the vial is gently agi- 
tated until the contents were dissolved. A sterile insulin 
syringe is used to inject 0. 1 mL of the resulting stannous 40 
gluconate solution into an empty sterile vial. Sodium 
pertechnetate (1.0 mL, 75-100 mCi, from a ^^Mo/^^c 
generator available from DuPont, Mediphysics, Mal- 
linckrodt or £. R. Squibb) is added, and the vial is agi- 
tated gently to mix the contents, then incubated at room 45 
temperature for 10 minutes to form a ^"*Tc-gluconate 
complex. 

In an alternative procedure for providing the 99m7c- 
gluconate exchange complex, the kit includes a vial 
containing a lyophilized preparation comprising 5 mg 50 
sodium gluconate, 0.12 mg stannous chloride dihydrate, 
about 0.1 mg gentisic acid as a stabilizer compound, and 
about 20 mg lactose as a filler compound. The amount 
of gentisic acid may vary, with the stabilizing effect 
generally increasing up to about 0.1 mg. Interference 55 
with the desired reactions may occur when about 0.2 
mg or more gentisic acid is added. The amount of lac- 
tose also may vary, with amounts between 20 and 100 
mg, for example, being effective in aidmg lyophiliza- 
tion. Addition of stabilizer and a filler compound is 60 
especially important when the vial contained these rela- 
tively small amounts of sodium gluconate and stannous 
chloride (compared to the alternative embodiment 
above). One niL of sodium pertechnetate (about 100 
mCi) is added directly to the lyophilized preparation. 65 
The vial is agitated gently to mix the contents, then 
incubated as described above to form the ^'mxc-glucon- 
ate complex. 



A separate vial containing 0.3 mg of a chelating agent 
in dry solid form is prepared by dispensing a solution of 
0.3 mg chelating agent in 2-propanol into the vial, then 
removing the solvent under N2 gas, and the resulting 
vial containing the chelating compound is provided in 
the kit. To this vial is then added 0.87 mL of 100% 
isopropyl alcohol, and the vial is gently shaken for 
about 2 minutes to completely dissolve the chelating 
agent. Next, 0.58 mL of this solution of the chelating 
agent is transferred to a vial containing 0.16 mL of 
glacial acetic acid/0.2 N HCl (2:14), and the vial is 
gently agitated. Of this acidified solution, 0.5 mL is 
transferred to the vial containing the ^^'"Tc-gluconate 
complex, described above. After mixing gently by in- 
version, the vial is incubated in a 75* C. +/— 2" C. 
water bath for 15 minutes, then immediately transferred 
to a 0* C. ice bath for 2 minutes. 

To a separate vial containing 10 mg of the F(ab) 
fragment of a monoclonal antibody in 0.5 mL of phos- 
phatebuffered saline, is added 0.37 mL of 1.0 M sodium 
bicarbonate buffer, pH 1 0.0. The F(ab) fragment is gen- 
erated by treating the monoclonal antibody several 
times with papain according to conventional techniques 
and dialyzed PBS to eliminate TRIS buffer. The vial is 
gently agitated. 

The vial containing the acidified solution of the 
99mXc-labeled chelate (see above) is removed from the 
ice bath, 0.1 mL of the sodium bicarbonate buffer is 
added, and the vial is agitated to mix. Immediately, the 
buffered antibody solution (above) is added, gently 
agitated to mix and incubated at room temperature for 
20 minutes to allow conjugation of the radiolabeled 
chelate to the antibody. 

A colimm containing an anion exchanger, either 
DEAE-Sephadex or QAE-Sephadex, is used to purify 
the conjugate. A 5 mL QAE Sephadex column is 
washed with 5 mL of 37 mM sodium phosphate buffer, 
pH 6,8, A 1.2p, filter (available from Millipore) is at- 
tached to the colunm, and a 0.2u filter is attached to the 
1.2 u filter. A 22-gauge sterile, nonpyrogenic needle is 
attached to the 0.2u filter. 

The reaction mixture is drawn up into a 3 mL or 5 mL 
syringe, and any air bubbles are removed from the solu- 
tion. After removal of the needle, the syringe is con- 
nected to the QAE-Sephadex column on the end oppo- 
site the filters. The needle cap is removed from the 
22-gauge needle attached to the filter end of the column 
and the needle tip is inserted into a sterile, nonpyrogenic 
10 mL nonevacuated empty vial labeled radio-labeled 
antibody. Slowly, over 2 minutes, the reaction mixture 
is injected into the column. The now empty syringe on 
top of the column is replaced with a 5 mL syringe con- 
taining 5 mL of 75 mM (0.45%) sodium chloride solu- 
tion (from which air bubbles had been removed). 
Slowly, over 2 minutes, the NaCl solution is injected 
into the column, and the eluent is coUected in the serum 
vial. 

The total radioactivity in the serum vial is measured 
using a dose calibrator. The yield of the radiolabeled 
antibody is normally in the^4O-60% range. The contents 
of the serum vial are drawn up into a sterile, pyrogen- 
free, 30cc syringe and. diluted to a total volume of 30 
mL with sterile 0.9% NaCl for injection into a human 
patient A quality control test is normally performed on 
a 0.01 mL aliquot before injection by instant thin layer 
chromatography. 

If the radiochemical purity is less than 85%, the mate- 
rial should not be injected into a human patient. Using 
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this procedure, radiochemical purities generally range of this solution is transferred to the vial containing the 

from about 90% to 99%. The total amount of radioac- >*8Re-citrate complex prepared above, 

tivity also is measured prior to injection. In general, After gentle mixing, the vial is incubated in a 75' C. 

from 10 to 30 mCi will be administered to a human -h/— 2" C. water bath for 15 min., then immediately 

patient 5 transferred to a 0* C. ice bath for 2 min. The yields of 

Prior to administering the radiolabeled F(ab) frag- i8«Re-labeled chelate then range between 75% and 

ment (the diagnostic radiolabeled antibody fragment), 90%. 

an irrelevant antibody and an unlabeled specific anti- A column containing a Ci8 reversed phase low-pres- 

body are to be administered to the patient to improve sure material (Baker Cig cartridges) is used to purify the 

the diagnostic images, as described above. The irrele- 10 i88Re.iabeled chelate. After conditioning of the car- 

vant antibody, provided in a separate vial m the kit, is a tridge with ethanol and water, the sample is loaded and 

whole murine monoclonal antibody directed against a washed with 2 mL of water three times and 2 mL of 

B-cell lymphoma idiotype. The unlabeled specific anti- 20% ethanol/0.01 M phosphate buffer three times. The 

body, also is in the kit Both the irrelevant antibody and column is then dried in vacuo and eluted with two times 

the unlabeled specific antibody are administered. 15 ^ q mL acetonitrile. About 75% of the i88Re-radioac- 

. The entire 30 mL sample containing the radiolabeled tivity is normally recovered in greater than 95% purity 

antibody fragment is administered to a patient by intra- as the chelate compound. 

venous infusion. The infusion is completed in from Thechelateis then conjugated to a Fab fragment of a 

about 5 min. to about 15 min. The antibody fragment monoclonal antibody directed against an antigen on 

concentration in the sample is 0,33 mg/mL. 20 melanoma cells or small cell lung carcinoma. 

2. Post.formed:Technetium-99m labeling of ^ ^^^^'^ ^^f antibody fragment (5 

antibody-chelating compound conjugate - mg/mL, 0.5 mL) is added to the purified i88Re-iabeled 

chelate, followed by 0.5 mL of 0.5 M carbonate/bicar- 
Stannous tartrate kits were prepared from degassed bonate buffer pH 9.50. The reaction is kept at room 
so utions of 0.5 mL disodium tartrate (10 mg/mL) and 25 temperature for 15 min., then 25 mg of L-lysine, 0.1 mL, 
0.1 xnL stannous chlonde (LO mg/mL m ethanol) in an added and the reaction is pursued at room tempera- 
evacuated vial under mtrogen atmosphere. To a stan- ^ure for 15 min more 

nous tartrate kit, sodium perte6hnetate 0.5 mL (about 15 ^ column containing Sephadex G-25 material is used 

mCO is added and heated at 50 C for 10-15 mm. After to purify the i88Re conjugate. The reaction mixture is 

coohng to room tempei^ture. quality control for 59«Tc 30 j^^^ ^^^^ ^ ^ mL aliquots are 

tartrate and msoluble 99mTc is earned out on Geteian coUected using PBS buffer to rinse the reaction vial and 

mx:usmg methyl ethyl ketone and 0,0^^ elute the l88Re conjugate in the third and fourth frac- 

Urtrate pH 7.0 e uente, r^pectiv^^ 99mTcJ^e tions. The purity of the i88Re conjugate is usually 

formation is typically 98-99% with soluble ^^-Tc val- ter than 97% for about 35% overall radiochemical 

ues as Tco2 rangmg from 0. 1 to 0.2%. ^^Ids. The conjugate is then further dUuted with PBS, 

x>f^oT''"!'^''f ' ^'J^?^^"^ Phosphate 0,2 radioactivity is measured prior to injection into the 

M, pH 8 0) and 200 ul of anUbody-hgand conjugate (1.9 test animals and human subjects. 

"".^"^l ^'''^^ '.""c^^'^iQ^^J"™^^^^^^^ ^""I b. A therapeutic kit containing reagents for prepara- 
addmg the conjugate 250 ul of ^^«Tc-tartrate. (about 3 tion of a i86Re-radiolabeled protein conjugate b as fol- 
to 5 mCi IS added and heated at 37 C for 1 hour. The ^ ^^^^^ ^^e procedure is conducted mider conditions 
percent techneUum bomid to the protemandttie forma- ^y^h insure the steriHty of the product Proper shield- 

''^.?f^''J^^^^t.T.^^^^ ^""^ i^g ^ ^ed when a radioisotope is introduced. 

TfVf^" l^f^!"' ammomum ace- ^ target of Re metal (0.1 To 0.25 mg preferentially 

tote (1:1) and 1-butanol eluents. respectively, Techne- o.l5 mg) in quartz vial is irradiated for 15 days in the 
tium incorporation typicaUy ranges from 70-90% on a ^i^ ^ ^^^^^ ,^^tor with neutraon flux of ca, 

chelatmg compound-Ab conjugate with a chelatmg 5 ^ iqu neutrons/cm^ sec. The target is dissolved with 
compomid per antibody raUo of L5 to 3,0, ^tric acid and further dHuted with sterile water to 5 

B, Therapeutic Kit Upon reception, 0.8 mL of ammonia and 1.0 mL of 

50 a tetrabutylanimonium solution were added. The stock 
1. rre-formed solution or aliquot thereoff is loaded on a Cig cartridge 

a. A therapeutic kit containing reagents for prepara- and washed with water. The Re- 186 radioactivity is 
tion of a l^SRe-radiolabeled protein conjugate is as fol- eluted with 2,0 mL through a sulfonic acid cation ex- 
lows, change column preequilibrated with lithium carbonate 

Sodium perrhenate (3 mL, 15 to 150 mCi. produced 55 solution. The perrhenate solution is dried at 75' C. with 
from a i^W/J88Re research scale generator) is added to a flow of nitrogen. A lyophilized kit comprising 25 mg 
a vial containing a lyophilized mixture comprising citric citric acid, 1 mg stanneous chloride, 1 mg gentisic acid 
acid, 75 mg; stannous chloride, 0.75 mg; gentisic acid, and 75 mg lactose is reconstituted with 1.0 mL of sterile 
0.25 mg; and lactose, 75 mg. The vial is agitated gently water, and 0.75 mL were removed and added to the dry 
to mix the contents, then incubated at room temperature 60 perrhenate. To a separate vial containing 1.2 mg of 
for 15 minutes to form a >*^Re-citrate exchange com- succinimidyl-bisr4,5-(2',3'-mercaptoisobutyryl)pro- 
plex. To a separate via 1 containing 0.50 mg of sue- pionamido pentanoate 20 (or any appropriate ligand), 
cinimidyl-bis-4,5-(2',3'-mercaptoisobutyryl)pro- 0.4 mL of isopropylalcohol is added and 0.2 mL is re- 

pionamido pentanoate 20 (an N2S4 chelating agent of moved and transferred to the vial containing the ^86Re 
the invention comprising isobutyl S-protective groups 65 activity. The vial is incubated at 75" C. for 20 min. then 
and a succinimidyl ester group), 0.50 mL of isopropyl cooled to room temperature using an ice water bath, 
alcohol is added and the vial is agitated for 2 rnin to The yields of i^^Re-labeled chelate ranged between 70 
completely dissolve the chelating agent Next, 0.30 mL and 90%. 
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The i^^Re solution is passed through two columns; 
one made of sulfonic acid cation exchange resin; the 
second made of Cig reverse phase material. After water 
washed and 10% ethanol washes, the ^^^Re activity is 
eluted in another reaction vial with 2.0 mL ethanol. 
Again, the ethanolic solution is dried at 75" C and a 
flow of nitrogen, then equilibrated at room temperature. 

The chelate is then conjugated to a F(ab')2 fragment 
of a monoclonal antibody directed against colon cancer 
cells. Fifty to 100 mg of antibody fragment (20 mg/mL) 
is added to the dry is^Re chelate and 0.5 mL of l.OM 
carbonate buffer with 9-9.5 is added. The reaction is 
kept at room temperature for 15 min; an aqueous solu- 
tion of lysine (250 mg kit, 0.1 mL) is added and the 
reaction continued for 5 more min. 

A colunm containing 15 or 30 cc bed volume of an 
acrylamide gel for gel pennentation is used to purify the 
^86Re conjugate. The reaction mixture is loaded on top 
of the column and 8 mL (in the case of the 15 mL col- 
umn) or 16 mL (for the 30 mL column) were collected 
using pBS buffer in a vial containing approximately 1 % 
MSA. The conjugate is diluted to 30cc with saline and 
the i^^Re radioactivity is measured prior to injection 



B. With i*8Re-labeled Monoclonal Antibody Fragment 
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The chelate Re-N2S4, in which the radionuclide 
metal is i**Rhenium as shown above, is prepared by the 
methods described herein. The chelate is conjugated to 
a Fab fragment of a monoclonal antibody specific for a 
tumor, e.g., NR-ML-05. NR-LU-10. NR-CO-2, or NR- 



Ce-1. The Fab fragment is produced by treatment of the 
into test animals and human subjects. The purity of the 25 monoclonal antibody with papain according to conven- 



conjugate is greater than 97% for about 40% overall 
radiochemical yields. 

2. Post-formed 



30 



a. The ^^^Re chelate form of the conjugate b pre- 
pared in a procedure similar to that described for 99mTc 
above. Sodium perrhenate (3 mL, 15 mCi, produced 
from a i^^w/isSRe generator) is added to a vial contain- 
ing a lyophilized mixture comprising: citric acid, 75 mg; 
stannous chloride, 0.75 mg; gentisic acid, 0.25 mg; and 
lactose, 75 mg. The vial is agitated gently to mix the 
contents, then incubated at room temperature for 10 
min. to form a ^^SRg-citrate complex. The reaction 
mixture is heated at 75' C. for 15 min., then cooled on 
ice for 5 min. to ready the ^^^Re-citrate complex for 
labeling of the conjugate. 

Labeling of the conjugate is carried out in a similar 
procedure described for Tc above. 

b. The *86Re chelate form of the conjugate is pre- ^ 
pared in a procedure simflar to that deiribed in the ^ ^e-^^^ biodistnbution, 
Fre-formed procedure. 
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tional techniques. The conjugation step and purification 
of the resulting radiolabeled antibody are as described 
in Example 11. The chelate-antibody conjugate is in- 
jected into tumor-bearing mice, biodistribution of the 
radiolabeled material is analyzed 20 hours after injec- - 
tion according to the method of Hwang et al.. Cancer 
Res, 45: 450-4155, 1985, and compared to Tc-99m bi- 
odistribution. 

C With '86Re-Labeled Monoclonal Antibody 
Fragment 

The chelate Re-N2S4 in which the radionuclide 
method is 186Re is prepared by the methods described 
herein. To verify tumor uptake, the chelate is conju- 
gated to a Fab fragment of NRMI or antibody. The 
chelate-antibody conjugate is injected into tumor-bear- 
ing mice, biodistribution is analyzed after 20 hours and 



EXAMPLE V 

Biodistribution Studies in Mice 

A. With 99mXc-labeled Monoclonal Antibody 
Fragment 



50 
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Antibody firagments radiolabeled with 99mjc accord- 
ing to the procedures outlined in Examples 11 and III 
are injected into mice. The biodistribution of the radio- 
nuclide protein conjugate is analyzed for 20 hours after 
injection according to the method of Hwang et al., 
Cancer Res., 45: 4150-4155 (1985). The antibody frag- 
ment is a Fab fragment of the above-described mono- 50 
clonal antibodies: NR-ML-05, NR-LU^IO, NR.CO-02. 
NR-Ce-Oi. The data is collected in terms of the percent- 
age of the injected radioactivity per gram of each speci- 
fied tissue type and tumor/tissue ratio of injected radio- 
activity. The tissue types evaluated are as follows tail; 65 
tumor, skin; muscle; bone; lung; liver; spleen; stomach; 
thyroid; kidney; and intestine. Ttmior sites effectively 
identified in each of the mice. 



EXAMPLE VI 

Imaging of Tumors in Humans 

Antibody fragments radiolabeled with 99mTc accord- 
rag to the method of the invention are injected into 
human patients to detect tumor sites, Le., melanoma, 
lung, colon) within the body. The antibody fragments 
used are F(ab)2, Fab' or Fab fragments of monoclonal 
antibodies specific for an antigen of the particular tu- 
mor. The antibody fragment used may be, for example, 
a fragment of a monoclonal antibody designated NR- 
ML-05, NR-LU-IO, NR-CE-01 or NR-CO-02, de- 
scribed above. The fragments are generated by standard 
techniques (i.e., pepsin treatment of the monoclonal 
antibody to generate the F(ab')2 fragment, papain treat- 
ment of the monoclonal antibody to generate the Fab 
fragment, and treatment with a reducing agent such as 
dithiothreitol or cysteine to generate the Fab' frag- 
ment). 

The chelate compound (TC-N2S4): 
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1. A metal chelate having the fonnula: 



10 



is prepared by one of the methods described herein. A i$ 
patient receives the chelate prepared and conjugated to 
the antibody fragment according to the procedures 
outlined in Examples II and HI. The resulting radiola- 
beled antibody fragment is purified, and a quality con- 
trol test is performed, as described in Example IIL Ap- 20 
proximately 40 min. to 1 hour and 30 min. prior to 
infusion of the radiolabeled antibody, each patient may 
receive 41 to 50 mg of an irrelevant antibody in 12 to 20 
mL of sterile saline by intravenous infusion. In addition, 
each patient receives 7.5 mg of a non-radiolabeled spe- 25 
cific antibody in 20 mL of sterile saline by intravenous 
infusion either simultaneously with, or approximately 5 
min. prior to infusion of the radiolabeled specific anti- 
body. The non-radiolabeled specific antibody is exactly 
the same as the one used for radiolabeling. The irrde- 30 
vant antibody is a monoclonal antibody designated 
NR2AD, which is a murine IgGiz immunoglobulin that 
is designed as an anti-idiotype that bound to a single 
patient's B-cell lymphoma and to no other human tissue. 

Into each, patient is injected 20 to 30 mL of sterile 35 
saline comprising the radiolabeled antibody fragment, 
by intravenous infusion. The patients receive from 10 
mCi to about 30 mCi of ^^niTc radioisotope. The desured 
upper limit of radioisotope administered is 30 mCi, and 
the minimum for effective imaging of tumors is gener- 40 
ally about 10 mCi. The total amount of protein in the 
administered solutions ranged from 2.5 mg to 10 mg. 
Imaging with a gamma camera is performed at three 
time points: immediately following infusion, from 7 to 8 
hours post infusion, and from 19 to 20 hours post infu-.45 
sion. The best images of the target sites (tumors) are 
achieved by imaging at from 7 to 8 hours after comple- 
tion of infusion of the radiolabeled antibody. Although 
some accumulation of radioactivity in the kidneys is 
detected during these imaging procedures, the kidneys 50 
generally are not considered to be target sites in the 
diagnostic procedures of the invention. The percentage 
of the total injected dose radioactivity (in cpm) which 
had localized in each of the various tissue types sampled 
are to be calculated. The ratio of the radioactivity found 55 
in tumor site(s) to the radioactivity found in the other 
types of tissue are also calculated. The value for the 
percent injected dose per mg for the tumor tissue in a 
particular patient is divided by the value for the percent 
injected dose per mg for each non-tumor tissue sample 60 
biopsied from the patient to give the tumor:tissue ratio 
for each non-tumor tissue sample. 

From the foregoing, it will be appreciated that, al- 
though specific embodiments of the invention have 
been described herein for purposes of illustration, vari- 65 
ous modifications may be made without deviating from 
the spirit and scope of the invention. 

We claim: 




wherein: 

M is a metal, or metal oxide, radionuclide which is 
chelated; 

Xi and X2 are H or =0, but both are not =0; 

X3 and X4 are H or =0, but both are not =0; 

A is H, alkyl group of C6 or less, — CH2 — CH- 
2— S— Ri, or — CO— CH2— S— Ri, with the pro- 
viso that when Xi or X2 is =0, A is H; 

A' is H, alkyl group of Q or less, — CH2— CH- 
2— S— R2, or — CO— CH2— S— R2, with the pro- 
viso that when X3 or X4 is =0, A' is H; 

Yis 

(a) — CH2— S— R3, or H, when A is H or an alkyl group 
of C^ or less and A'is H or an alkyl group of Ce or less, 
or 

(b) H, with the proviso that Y must be selected 
from (a) when A is H or an alkyl group of Ce or 
less and A' is H or an alkyl group of Q or less; 

r is 

(a) — CH2— S— R4, or H, when A is H or an alkyl 
group of Ce or less and A' is H or an alkyl group 
of C6 or less, with the proviso that Y and Y' are 
not both H, or 

(b) H, with the proviso that Y' must be selected 
from (a) when A is H or an alkyl group of C^ or 
less and A' is H or an alkyl group of Q or less; 

Ri, R2, R3» R4. Rs* and R6 are independently selected 

from sulfur protecting groups; 
Q is H or a polar group to increase the hydrophilicity 

of the compound; 
n is 0 to 2; and 

z is — (W),„— R', where W is — CH2— , — CH2— O— , 
— CH2 — CO — , or combinations thereof, m is 0 to 
5, and R'is a chemically reactive group, with the 
provisos that when Z is attached to the carbon 
designated a there is either no Xi or no Q at a, that 
when Z is attached to the carbon designated P 
there is either no X3 or no Q at )3, that when Xi is 
=0 there is no Z at fi, and that when X3 is =0 there 
is no Z at )3. 

2. The metal chelate of claim 1 wherein the metal, or 
metal oxide, radionucUde is selected from the group 
consisting of 6*Cu, ^^Cu, ^^Ru, 99^X0, lO^Rh, I09pd, 
i86Re, i88Re, i^sau, 159au, 203pb, 2i2pb, and ^^m. 

3. A chdate-targeting agent conjugate having the 
formula: 
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Z' is —{W);„— Targeting agent, where W is 
— CH2— , — CH2--O— , — CH2— CO— . or combi- 
nations thereof, m is 0 to 5, and Targeting agent 
includes a linking group, with the provisos that 
5. when Z' is attached to the carbon designated a 
there is either no X| or no Q at a, that when Z' is 
attached to the carbon designated there is either 
no X3 or no Q at that when Xi is =0 there is no 
Z' at a, and that when X3 is =0 there is no Z' at j3. 
10 4. The chelate*targeting agent conjugate of claim 3 
wherein the metal, or metal oxide, radionuclide is se- 
lected from the group consisting of *^u, *^Cu, ^"^Ru, 
wherein: ''mTc, l05Rh, I09pd, i86Re, l88Re, i98au, 199au. 203pb, 

M is a metal, or metal oxide, radionuclide which is ^^^Pb, and 212BL 

chelated* ^- chelate-targeting agent conjugate of claim 3 

Xi and X2 are H or =0, but both are not =0; Wherein the targeting agent is an antibody. 

X3 and X4 are H or =0, but both are not ^; chelate-Uu-geting agent conjugate of claim 5 

A is H, alkyl group of C6 or less, -CHz-CH- f ^^^y ^.^ monoclonal antibody. 

2_S-R,, or --CO-CH2-S-R1, with the pro- J' The chelate-targeting agent conjugate of claim 6 
viso that when Xj or X2 is =0, A is H; ^K^^^"* monoclonal antibody is directed agamst an 

A' is H, alkyl group of Cfi or less. -CH2-CH- .^^^en on a tumor cell 

e n r^X r^TjT o t» -^i. *t 8. A method of detecting the preseucc or abscncc of 

2 — S — R2, or — CO — CH2 — S — R2, with the pro- , ^ . r u * ♦i,^ 

• xi_ . i_ V V • A/' TT a target site within a mammalian host, compnsmg the 

viso that when X3 or X4 is =0, A is H; steps of- ^ ^ » 

o TT * . .1 ' t ^5 admimstcring to a mammal a diagHOStically effcctive 

(a) _CH2-S-R3, or H when A is H or an alkyl ^^^^ ^j^^ chelate-targeting agent conjugate of 
group of Q or less and A is H or an alkyl group ^^^^ ^ ^^erein M is a radionupUde and the conju- 

/ux^« or less, °^ . gate is capable of binding to said target site; and 

(b) H, with the proviso that Y must be selected detecting the biodistribution of said radionuclide in 
from (a) when A is H or an alkyl group of Ce or 30 g^id mammal to determine the presence or absence 
less and A' is H or an alkyl group of C6 or less; of said target site in said host 

^' ^ 9. The method of claim 8 wherein the mammal is 

(a) — CH2 — S — R4, or H, when A is H or an alkyl jjjan. 

group of C6 or less and A' is H or an alkyl group 10. The method of claim 8 wherein the radionuclide is 

of C6 or less, with the proviso that Y and Y' are 35 selected from the group consisting of 59mTc. "Ru and 

not both H, or ^^Fb, 

(b) H, with the proviso that Y' must be selected n. The method of claim 8 wherein the targeting 
from (a) when A is H or an alkyl group of C6 or agent of the chelate-targeting agent conjugate is an 
less and A' is H or an alkyl group of Q or less; antibody. 

Ru R2, R3. R4, KSf and R6 are independently selected 40 12. The method of claim 11 wherein the antibody is a 

from sulfur protecting groups; monoclonal antibody. 

Q is H or a polar group to increase the hydrophilicity 13. The method of claim 12 wherein the monoclonal 

of the compound; antibody is directed against an antigen on a tumor cell, 

n is 0 to 2; and « ♦ * ♦ ♦ 
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[57] ABSTRACT 

An antibody or antibody fragment is modified by chem- 
ical linkage to a synthetic poly(amide/urea/thioiirea) 
which contains a plurality of boron atoms or other 
functional groups, conferring upon the resultant conju- 
gate desirable properties as a diagnostic and/or thera- 
peutic agent In a preferred embodiment, boron-con- 
taining groups are conjugated to the antibody/fragment 
such that tlie resultant conjugate contains 50-2000 
boron atoms, with about 96% Boron- 10 isotope content, 
to produce conjugates useful for neutron-activated ra- 
diotherapy of tumors or pathological lesions. 

17 Claims, No Drawings 
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ANTIBODY CONJUGATES 

BACKGROUND OF THE INVENTION 

The present invention relates to an antibody or anti- 
body fragment modified by chemical linkage to a syn- 
thetic poly(amide/urea/thioiirea) which contains a plu- 
rality of boron atoms or other functional groups, con- 
ferring upon the resultant conjugate desirable proper- 
ties as a diagnostic and/or therapeutic agent 

It is known to modify antibodies by chemically link- 
ing to them various types of addends. For example, 
enzymes have been linked to antibodies to make conju- 
gates useful in ELISA immunoassays, boron-containing 
addends have been linked to antibodies and antibody 
fragments to produce therapeutic agents, and antibodies 
have been conjugated to polypeptides such as polyly- 
sine. European patent application No. 88,695, to 
McKeam et al., published 9/14/83, discloses antibodies 
conjugated to polypeptides made from natural amino 
acids, which in turn can carry a functional group such 
as a chelator, drug, toxin and the like. 

It would be highly desirable to be able to modify an 
immunoglobulin to incorporate moieties that contain 
useful functionality, but in such a way that the addend 
is precisely defined in terms of its structure. This is 
particularly useful where it is desired to incorporate a 
plurality, especially a large number, of added functional 
groups such as chelating agents, boron-containing 
groups, ^ionuclides, spin labels and the like. In the 
past, it has been troublesome to attempt to characterize 
such modified antibodies because of the heterogeneity 
of the conjugates, and this has resulted in difficulties in 
assuring reproducibility of results. Moreover, it has 
been difficult to attach sufQcient boron atoms to an 
antibody so that even a low percentage of conjugates 
localized in timior or lesion tissue carries a large enough 
number of boron atoms to be therapeutically significant 
for neutron activated radiotherapy. 

A need therefore continues to exist for chemically 
modified antibody conjugates having well-defmed 
structures for the modifying groups to minimize the 
uncertainties in preparing and using these molecular 
species. 

OBJECTS OF THE INVENTION 

One object of the present invention is to provide an 
antibody conjugate having a sufficiently large number 
of boron atoms so that it will function as an efficient 
therapeutic agent for thermal neutron activated radio- 
therapy of tumors and pathological lesions. 

Another object of the present invention is to provide 
a modified antibody or antibody fragment having a 
defined, chemically linked addend incorporating useful 
functional groups for diagnosis and/or therapy. 

A further object of the invention b to provide rea- 
gents for use in modifying antibodies to confer upon the 
resultant conjugates desirable properties for diagnosis 
and/or therapy. 

Yet another object of the invention is to provide 
agents useful for diagnosis and/or treatment of cancer, 
infectious lesions or other pathological lesions such as 
myocardial infarctions. 

Other objects of the invention will become more 
readily apparent to those of ordinary skill m the art in 
light of tile following discussion. 



SUMMARY OF THE INVENTION 

The foregoing objects can be achieved by providing 
a modified antibody or antibody fragment, consisting 

5 essentially of: 

(I) at least one hypervariable region which specifi- 
caUy binds a ligand such that the formation of the resul- 
tant immunological complex is of diagnostic or thera- 
peutic utility; and 

10 (2) at least one defmed, substantially homogeneous 
synthetic poly(amide/urea/thiourea) which incorpo- 
rates residues containing at least one of: (0 a plurality of 
Boron- 10 atoms; (ii) a metal-chelating moiety; (iii) an 
antineoplastic agent; (iv) a paramagnetic spin label; (v) 

15 a radionuclide; (vi) a chemotherapeutic agent; (vii) a 
photosensitizer; (viii) a magnetic resonance imaging 
enhancer; (ix) an enzyme; (x) a chromogen; or (xi) a 
fluorescent marker; 
wherein said synthetic poly(amide/urea/thiourea) is 

20 chemically bound to said antibody or antibody frag- 
ment at one or more sites which do not substantially 
interfere with the inununolocial specificity of said 
hypervariable region; and wherein a plurality of the 
residues making up said poly(amide/urea/thiourea) are 

25 not natural L-amino acids or are natural L-amino acids 
with modified side chains. 

The present invention further provides antibody con- 
jugates carrying functionality other than boron, rea- 
gents and methods for prepariang the foregoing anti- 

30 body conjugates, as well as kits containing the conju- 
gates and methods of using the conjugates for diagnosis 
and therapy. 

DETAILED DESCRIPTION 

35 The modified antibodies and antibody fragments ac- 
cording to the invention contain the hypervariable re- 
gion, Le., the region of the immunoglobulin which spe- 
cifically binds the ligand which defmes the specificity of 
the antibody, and at least one synthetic poly(amide/u- 

40 rea/thiourea) portion having a defined chemical struc- 
tiu-e, the poly(amide/urea/thiourea) being covalently 
linked to the immunoglobulin. Each poly(amide/urea/- 
thiourea) portion of the molecule in turn is composed of 
residues containing the desired useful functionality and- 

45 /or groups which improve the solubility properties, the 
separability properties, the comformational properties, 
or other properties of the resultant conjugate. 

Schematically, the modified antibody of the inven- 
tion can be represented as: 

50 

Ab— (It— PAUDn 

where Ab is an antibody or antibody fragment compris- 
ing at least one hypervariable region which specifically 

53 binds a ligand of interest, e.g., a marker produced by or 
associated with a tumor or a pathological lesion; Ir is a 
linker function, which can simply be, e.g., an ester, 
amide, urea, carbamate, thiourea, ether or thioether 
bond, or a multifunctional linker which joins the 

60 poly(amide/urea/thiourea) addend to the antibody; 
"PAUT* is a poly(amide/urea/thiourea) having a de- 
fined chemical formula and incorporating the desired 
functionality; and n b an integer from 1 to 20, preferably 
from I to 10, and more preferably from 1 to 5. It will be 

65 appreciated that the addend denoted "Ir— PAUT" may 
in fact be composed of several polymer chains joined to 
a multivalent linkier, i.e., Ir — (PAUT)mi and that within 
the PAUT there may be one or more branch points. 
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As used in the context of this disclosure^ the term et al., /. Med Chem., 19, 1920 (1976); Hawthorne et al., 
"poly(amide/urea/thiourea)" (hereinafter "PAUT'O Am, Cherru Soc, 90, 862 (1968); and Mizusawa et al., 
denotes a sequenced polymer composed of residues, Proc First Intematl Symp. Neutron Capture Therapy, 
some or all of which contain a plurality of boron atoms Cambridge, MA„ Oct. 12-14, 1983, pp 215-224. Other 
or other useful diagnostic or therapeutic groups, the 5 variants involve use of other functional groups instead 
residues being linked by amide, urea and/or thiourea of diazonium ions to effect conjugation to the antibody, 
functions. Any single residue in the body of the polymer The present method and reagents go well beyond these 
chain will normally be joined at two points to two adja- earlier approaches. 

cent residues, although it will be seen that additional The boron-loaded antibody conjugates according to 
points of attachment for a residue can be envisioned, 10 the present invention have a number ofboron atoms per 
e.g., for branching. Terminal residues will normally antibody molectile normally ranging from at least about 
contain a functional group for Unking the PAUT to the 50 up to about 10,000, preferably from about 200 to 
antibody. This can be a sunple function, e.g., an isocya- about 2,000. To reiterate, these are preferably about 
nate or isothiocyanate, a function capable of activation 96% Boron- 10 enriched, although it may be more cost- 
to bind to antibody, e.g., a carboxyl which can be acti- 15 effective to use a conjugate having a larger number of 
vated by conversion to its anhydride, acid chloride, boron atoms with the 20% natural abundance of Boron- 
N-hydroxysuccininude ester, or a more complex linking 10 isotope. 

function such as one of those disclosed in greater detail The boron-containing PAUT is conjugated to an 
hereinafter. Terminal residues not used for linkage to antibody, which may be any type of immunoglobuHn 
the antibody can be capped or used to bind other useful 20 molecule having at least one hypervariable region, i.e., 
functions, e.g., chelators, drugs, toxins and the like, or a region which specifially bmds to an antigen of diag- 
they can be left unmodified. nostic and/or therapeutic interest. These mclude whole 

In a preferred embodiment of the invention, the anti- immunoglobulin, e.g., IgM, IgG, IgA, IgD, IgE and the 
body conjugate would contain a large number ofboron like, or an immunoglobulin fragment, e.g., F(ab')2i 
atoms, more preferably prepared from reagents en- 25 F(ab)i, Fab, Fab' and the like, or a hybrid antibody or 
riched in Boron- 10 isotope, boron-containing reagents fragment. In this discussion, the term "antibody" will be 
enriched to about 96% Boron- 10 being commercially used to signify any of the foregoing, unless otherwise 
available. Such a conjugate would be of great utihty in specified. 

neutron activated radiotherapy, since it could bring to a The principal types of building blocks for the PAUT 
tumor site or the site of a pathological lesion a sufficient 30 according to the invention are selected from amino 
number ofboron atoms to provide a therapeutic dosage acids, diamines, diacids, diisocyanates and dilsothiocya- 
of alpha particles to the surrounding tissue upon ther- nates containing boron functions therein, principsdly 
mal neutron irradiation, even where the percentage of boron cage functions which have the advantage of high 
an injected dose of antibody conjugate which localizes boron content and attractive chemical properties. The 
in the target tissue is relatively low, c.g., 1-10%. Such 35 individual residues making up the synthetic PAUT are 
localization percentages are not uncommon for anti- linked by amide(peptide) bonds, urea or thiourea func- 
body-based diagnostic and therapeutic agents. tions. The amide bonds can be formed either by succes- 

Targeted neutron-activated radiotherapy is de- sive coupling of amino acids, e.g., alpha-amino acids or 
scribed, e.g., in Goldenberg et al., Proc Natl Acad Set amino acids wherein the amine and carboxyl groups are 
USAf 81, 560 (1984); Hawthorne et al., /. Med. Chenu, 40 farther removed from one another, or successive cou- 
15, 449 (1972); and m Goldenberg, U.S. Pat Nos. pling of diamino groups to dicarboxylic acid groups in 
4,331,647, 4,348,376, 4,361,544, 4,468,457. 4,444,744, a "nylon 66" manner. i.e., with alternating senses of the 
4,460,459 and 4,460,561, and in related pending appUca- amide bonds, viz., — NHCO— CONH— NH- 
tions U.S. Ser. Nos. 609,607 (filed 5-14-84) and 633,999 CO— CONH— , or a mixture of such coupUngs. The 
(filed 7-24-84), the disclosures of all of which are incor- 45 urea and thiourea functions can be formed by condensa- 
porated herein in their entireties by reference. tion of a chain terminating in an amine function with an 

The aformentioned references disclose, inter alia, isocyanate or isothiocyanate, normally a diisocyanate 
methodsof incorporating Boron- 10-containing addends or diisothiocyanate, used in excess to minimize cross- 
into antibody conjugates using, e.g., coupling of a car- linking, and the reverse linkage of chains terminating 
borane (linked to a phenyldiazonium ion) to an anti- 50 with isocyanate/isothiocyanate fimctions to amine 
body, which are suitable for incorporation of an rela- building blocks. 

tively low number of Boron-10 atoms. Typically, be- Examples of monomers which can be condensed to 
twecn 10 and 120 B-10 atoms have been attached to IgG form amide linkages include: the natural L-amino acids, 
before the immunoreactivity and yield of recovered -^their enantiomers, and mixtures thereof (alpha-amino 
product become unacceptably low, using the car- 55 acids); conjugates of the natural amino acids with bo- 
boranephenyldiazonium conjugation procedxire. How- ron-containing groups or other groups of interest, e.g., 
ever, it would be preferable to be able to conjugate a lysine wherein the epsilon-amine fimction is used to link 
largernumber of B-10 atoms to an antibody so that even a boron-containing moiety, and/or a drug, chelator, 
a low percentage of tumor accretion of an injected enzyme, radionuclide carrier moiety, fluorescent 
circulating antibody conjugate, e.g., on the order of 60 marker, chromogen, nmr imaging agent or enhancer or 
1.5%, would nonetheless carry hundreds of B-10 atoms the like; aspartic or glutamic acid wherein the beta- or 
per conjugate to the tumor site. gamma-carboxyl function is used to hnk one of the 

Several approaches to improving the efficiency of foregoing moieties; tyrosine, phenylalanine or histidine 
B-10 conjugation have been developed, most of which wherein the aromatic ring is substituted with such moi- 
have related to improving the water solubility of the 65 eties; serine, threonine, tyrosine or hydroxyproUne 
carborane addend by, e.g., usinjg carborane monoanions wherein the hydroxyl group is used to link the moieties, 
or attaching polyhydroxylic tails to the carborane. See, e,g., through an ether function; or cysteine wherein the 
e.g., Sneath et al., / Med Cherru, 17. 796 (1974); Sneath thiol is used to form a thioether with another function of 
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interest; other natural and synthetic amino acids with tion phase reactions may be used to synthesize the 

amine and carboxyl groups adjacent or farther removed PAUT addends, but that the yield, uniformity and pu- 

from one another, and optionally conjugated to one or rity of the resultant polymer are likely to be signifi- 

more of the foregoing types of moieties, examples of cantly lower than those obtainable using a solid phase 

which are shown hereinafter; as well as diamines and 5 synthesis technique. 

dicarboxylic acids which can be linked by amide bonds The following discussion will present a more detailed 
in a "Nylon 66" fashion, the foregoing also optionally treatment of certain preferred embodiments of the in- 
carrying additional functionality and/or being conju- vention to illustrate the methods and utility of the ge- 
gated to the moieties mentioned above and further ex- neric invention, without limiting the scope thereof. In 
emplified hereinafter. Examples of monomers which ^0 light of this discussion, it will become readily apparent 
can form urea or thiourea fiinctions include diamines, how the invention can be practiced to achieve other 
diisocyanates and diisothiocyanates. embodiments. 

It will be understood that the polymer chain can It will be useful at this juncture to discuss boron cage 

contain residues which do not contain boron, or which compounds in a general way, to lay the groundwork for 

contain boron and other useful functions, e.g., a radio- ^ synthesizing building blocks containing 

nucHde, especiaUy M23, H25 or 1-131, or functions compounds. The reader is referred to general 

such as chelatore, chelates with metal ions, drugs, tox- references in this field for most of the reactions to be 

ins, chromophores, chromogens, fluorescent markers, discussed hereinafter, the best and most comprehensive 

and the like. The chain may also incorporate intracham reference being Muetterties et al., "Polyhedral Bo- 

brancher residues, about which more wiU be said here- (Dekker, New York, 1968); Muetterties, Ed., 

inafter. Finally, the chain may incorporate residues "Boron Hydride Oiemist^ (Academic Press, New 

whose primary purpose is to improve the solubiHty Carboranes , (Academic 

and/or separabiHty of the resultant conjugate. Press, New York, 1970). Th«>e references contam copi- 

As presenUy envisioned, the PAUT addend^ accord-' 25 S ec^^^ 

mg to the invention are most advantageously synthe- '^^^ ^sf common and readily available kinds of 

sized by usmg a Mernfield-type solid phase synth^is ^^^^^ compomids are the carboranes, especially 

e.g one usmg one of the currendy available automated j^^^^^ dicarbaK^loso^iodecaborane, having an 

protem synthesizers. The individual component ammo icosahedral cage structure, and represented hereinafter 

acid diammo or dic^boxyhc acid, dusocyanate or di- 30 by the symbol "H-{DB}-H". This cage compound 

isothiocyanate buildmg blocks, smtably protected canhaveany of three isomeric structures, viz., 1,2-, 1,7-, 

where neces^ with groups that «m be remov<^ se- ^nd 1,12-, wherem the two cariDon atoms are on adja- 

lecdvely m the course of automated synthesis, will be cent vertices, vertices separated by one boron atom, or 

prepared m advance and coupled m a preselected se- vertices separated by two boron atoms (opposite poles) 

qucncc accordmg to the desired properties of the resul- 35 of the icosahedron, respectively. The symbol "H— {D- 

tant polymer. B}— H" wUl refer to any of these three isomers, each of 

Sohd phase peptide synthesis is weU known in the art, ; which can be used for nearly all of the reactions shown 

and the types of solid supports, protecfing groups and herein, except where noted. 

coupling reactions used with the various naturaOy oc- The most common of the carborane cage compounds, 
curring amino acids are weU documented, e.g., m Gar- 40 and the most useftxl for further elaboration, is the 1,2- 
land et al., "Biochemical Aspects of Reactions on Solid dicarba-closo-dodecaborane, which is readOy synthe- 
Supports", Chapter 3, pp 111-162, Stark, Ed. (Aca- sized by the classic reaction of an acetylene with 
demic Press. New York, 1971); and Stewart et al., B10H14. For example, 1 -phenyl- 1,2-dicarba-closo- 
"Solid Phase Peptide Synthesis" (Pierce Chemical : dodecaborane is made by reacting phenylacetylene 
Corp., Rockford, IL., 1984); and the many specific 145 with B10H14, m acetonitrile solution, and is denoted by 
references therein, all of which are well known to those the symbol, H— {DB}~C6H5. A further usefiil prop- 
engaged in the synthesis of polyamides of defined se- erty of these carboranes is their relative inertness to the 
qucnce and structure. conditions for many common organic reactions, e.g.. 
These techniques are readily adapted to the synthesis ; aromatic halogenation, aromatic nitration, hydride re- 
of polyureas and/or polythioureas, and the foregoing 1 50 duction, catalytic hydrogenation, alkylation, acylation 
linkages can also be incorporated in polypeptide chains ] and the like. The carboranes can be converted to anions 
by minor modification of the conventional process; with one less boron vertex, by reaction with strong 
steps. The standard methods will be modified for use base, e.g., ethoxide, in protonic solvents, e.g., ethanol. 
with some of the new building blocks described herein. They are also sensitive to primary and secondary 
To the extent that such modifications are not familiar to 55 amines, but not tertiary amines, 
one of ordinary skill in the art of solid phase peptide The structures of 1,2-dicarba-closo-dodecaborane 
synthesis, they will be described in more detail hereinaf- and three cage borane carborane anions are shown be- 
tcr. It will also be appreciated that conventional solu- low. 
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H-(DB)-H ( » ,2-C2D,oHi2) 




H-<lflB-2>-H (BieH,0-2) 




H-{UB->-H (7,e-C2B9Hi2~) 




H-(12B-2>-H (Bi2Hl2"2> 
08H#CH 
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Other readily available borane cages include the ico- 
sahedral closoHiodecaborane (B\2li\2~^) dianion, here- 
inafter denoted by the symbol "H--{12B— 2}— H", or 
the hexadecahedral closo-decaborane (BioHio"^) dian- 
ion, hereinafter denoted by the symbol "H — {lOB — 2- 
} — H", whose structures are shown above. These can 
by modified to facilitate attachment to PAUT chains. 
Other less available borane and carborane cage com- 
pounds include carba-closo-dodecaboranes, lower bo- 
ranes having, e.g., 6-9 and 1 1 boron atoms in the cage, 
heteroboranes, metalloboranes, and metallocarboranes. 
The metalloboranes are known, and their chemistry is 
described by Leyden et al, /. Am. Chenu Soc, 100, 3758 
(1978). The other classes of boron cage compounds are 
relatively rare, although known, and are described in 
the above-cited Muetterties references. The metallocar- 
boranes, about which not a great deal of organic chem- 
istry is known, are potentially of considerable use in the 
invention, as will be shown hereinafter. 

Illustrative of one type of bom containing antibody 
conjugate according to the present invention is the class 
wherein, in the formula Ab — (Ir — PAIJT)n, the poly- 
mer moiety, PAUT, is a polypeptide having the formula 
— (NH— Q— CO— )— OH, wherein each NH— Q— CO 
is a residue derived from (i.e., resulting from condensa- 
tion of) a natural alpha-L-amino acid, or its enantiomer, 
or a mixture thereof, or a residue derived from an amino 
acid having the amine and carboxyl groups more re- 
mote than geminal, a plurality of which amino acids 
have a pendant amine, carboxyl, hydroxyl or thiol to 
which is bound a carborane-containing group, or a 
■ carborane to which are linked an amine and a carboxyl, 
optionally m positions more remote than geminally. 
Specific representative examples of carborane-linked 
amino acids, NH2 — Q — COOH from which such resi- 
dues can be derived include, but are not limited to, those 
having the formula 1-14: 



50 



Conversions of the three isomeric dicarba-closo- 
dodecaboranes to their respective corresponding dicar- 
ba-nido-undecaborane anions, by reaction with base, is 
shown below. 



closo-1.2— H— {DB}— H— nido-7.- 

8- H— {UB-}— H 

closo-1,7— H— {DB}— H-^nido— V 
5-.H-{UB-}-H 

closo— 1.12— H— {DB}— H-Kio reaction 

closo— 1.12— H— {DB}— nido— 2r 

9— H— {UB-}— H 
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The nido carborane anions shown above are denoted 
hereinafter by the symbol "H— {UB— }— H", repre- 
senting a dicarba-nido-undecaborane monoanion. 



H— {DB}— C6H4NHC(S)NH(CH2)4CH(NH2)COOH 

H— {DB}-(CH2)3C(0)NH(CH2)4CH(NH2)COOH 

H— {DB}— C2 6H4NHC(S)OCH2CH(NH2)COOH 

H— {DB}— C6H4NHC(OXCH2)2CH(NH2)COOH 

M+ H— {UB— }— C6H4NHC(S)NH(CH2)4CH(NH2)COOH 

M+ H-{IUB— }-C6H4NHC(S)NH(CH2)4CH(NH2)COOH 

M+ H— {UB— }— (CH2)4C(0)NH(CH2)4CH(NH2)COOH 

H— {DB}— C6H4N=N— (OHX:6H3CH2CH(NH2)COOH 

H— {DB}— (CH2)3S(CH2)2CH(NH2)COOH 

H— {DB}— (CH2)30C6H4CH2CH(NH2)COOH 

H— {DB}— (CH2)3CH(NH2XX)OH 

M+ H— {UB— }-(CH2)4CH(NH2)CCX)H 

H2N(CH2)3-{DB}-(CH2)COOH 

M+ H2N(CH2)3— {tJB— }— (CH2)3COOH 



I 

2 
■3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 



The iodo-substituted ion in compound 6 has one BH 
vertex replaced by a BI in the cage structure, and is 
denoted by the symbol "H— {lUB— }— H. M+ in the 
formulas for compounds S, 6, 7, 12 and 14 represents 
one equivalent of a convenient cation, e.g., an alkali 
metal, especially Na+ and K+, an alkali earth metal, 
especially Mg+^ and Ca+2 or a quaternary anmionium 
ion, especially (CH3)4N+ and the like. 

As noted ^ove, the synthesis of linker peptides ac- 
cording to the invention can be achieved by conven- 
tional non-automated peptide synthesis routes which 
are lengthy, tedioiis and not easily applied to the rapid 
synthesis of many different members of a new class of 
peptides containing 2-SO amino acid residues. Indeed, 
the number of separation and purification steps required 
m non-automated synthesis makes the method unattrac- 



tive from the viewpoint of time spent, synthesis control 
and quantity of peptide produced. In order to make 
gross, as well as finely tuned, adjustments in peptide 
linker sequences, and at the same time provide a suffi- 
ciently high throughput of material, it is preferable to S 
use a Merrifield-type automated peptide synthesis ma- 
chine, e.g., the Beckman Instruments 990 Peptide Syn- 
thesizer, and an associated Beckman 340 Series HPLC 
peptide purification system for the detection and separa- 
tion of faulty peptide products formed during linker 10 
peptide synthesis. 

Reagent chemicals such as amine-protected and/or 
carboxyl-protected amino acids are commercially avail- 
able and generally usable without prior purification. 
Amino- and carboxyl-protected derivatives of B-10- 15 
containing amino acids or amino acid coupling reagents 
are new compounds which, after preliminary testing, 
are preferably prepared with Boron- 10-enriched rea- 
gents for linker peptide synthesis and synthesis of link- 
er-conjugated antibody for neutron irradiation therapy 20 
protocols. 

The bonding of boron to a linker peptide may be 
accomplished in several ways, e.g., by using an amino 
acid containing a boron moiety integral to its structure, 
or by attaching a boron-containing moiety to a fimc- 25 
tional group on a side-chain of an amino acid. As an 
example of the former approach, synthesis of a bifunc- 
tional carborane derivative having an amino group on 
one arm attached to the cage and a carboxyl group 
attached to a second arm would allow the cage to be 30 
incorporated within the linker peptide chain. Acylation 
of the epsilon — ^NH2 group in lysine using a carborane- 
containing carboxyUc acid would provide an example 
of the latter tactic. One could also incorporate boron by 
both methods simultaneously. 35 

A second factor to be considered is the charge type 
presented to the linker peptide molecule by the boron- 
containing residue. Electrically neutral carborane de- 
rivatives containing the hydrophobic icosahedral — {D- 
B} — substituent (derivatization at carborane C-atoms) 40 
are advantageously used in the presence of strongly 
hydrophilic groups or replaced altogether by the re- 
lated anionic — {UD— }— group, which has been in- 
corporated in antibody conjugates and renders them 
significantly more water soluble (e.g.. as Na+ salts. In 45 
general, the desired anionic — {UD — } — species can 
readily be formed from the corresponding neutral 
— {DB}— icosahedral intermediate. The anionic carbo- 
ranes are introduced during conjugating reagents which 
are themselves rendered more water soluble and often 50 
more compatible with the reaction medium. 

Other charged boron-containing building blocks are 
available which made use of simple functional groiros 
attached to the H— {12B— 2}— H dianion (H— 0- 
2B— 2}— SH is an example), or to the H— {lOB— 2}— H 55 
dianion. Such reagents are less adaptable in synthesis 
than similar carborane species since the polyhedral 
borane cages provide their own characteristic reactions 
reflecting strong electron-releasing properties and or- 
ganic reactions often proceed m an impredictable fash- 60 
ion. 

The reagents used in the selected peptide syntheses 
must be compatible with the boron-containing species 
employed in linker synthesis. The H— {DB}— H icosa- 
hedral cage and its C-substituted derivatives are sensi- 65 
bly inert to chemical reagents except strong bases in the 
presence of an available proton source (OH-/ethanol or 
certain primary and secondary amines). The generation 
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of bases under conditions which occur during routine 
peptide sythesis, such as terminal — NH2 groups, would 
not be important since the amino groups, when avail- 
able, are sterically substantially inaccessible to neutral 
— {DB} — groups in the growing peptide chain and the 
amine reaction is normally slow. 

On the other hand, the U-vertex carborane anion 
— {UB — } — , in its derivatives, functions as an anion 
derived from a very strong acid (C2B9H13). This anion 
is reversibly protonated with strong acids in nonaque- 
ous media and is inert toward reagents other than reac- 
tive electrophiles. As an example, radioiodination of the 
— {UB — } — cage is used as a means of radiolabeling 
compound 15 to form protein conjugation reagent 16, 
according to the following equation. 

Na+H— {UB^Ph— NCS > Na+H— {lUBi-Ph— NCS 
IS 16 

(a) C3iloramme-T/NaI-125 

(b) Na2S205 

Note that reagent 15 is prepared from the anionic 
aminophenyl derivative by reaction with thiophosgene, 
CSCI2. Consequently, no serious difficulty is expected 
in the utilization of reagents based upon the H — {D- 
B} — H and H — {UB — } — H carborane cages in auto- 
mated linker peptide syntheses. 

Attractive boron-containing reagents for attachment 
to side-chains of amino acids would include compounds 
for alkylation, acylation, anudation, carbamation/urei- 
dation, thiocarbamation/thioureidation and diazonium 
coupling. They could bear uncharged/hydrophobic 
groups, e.g., — {DB} — , or charged/hydrophilic 
groups, e.g., — {UB— }— , 

AUcylation could be effected, e.g., on the thiol or 
siilfide groups of cysteine or methionine, on the hy- 
droxyl groups of serine, threonine, hydroxyproline, 
hydroxylysine or tyrosine, or on the amine groups of 
lysine or histidine. Acylation could be effected on the 
epsilon-amine group of lysine or on the aromatic amine 
group of histidine. It is normally considered disadvanta- 
geous to use conjugates linked with ester functions, 
since they are often readily cleaved by the many este- 
rases in the blood and tissues. Nevertheless, it will be 
apparent to the skilled worker that the hydroxyl groups 
of the aforementioned amino acids can be acylated to 
form esters with boron-containing acylating agents. 

Carbamation/ureidation and thiocarbamation/thi- 
oureidation are readily effected by reacting pendant 
amine and/or hydroxyl groups with boron-containing 
reagents bearing isocyanate or isothiocyanate fimctions. 
Amidation can be effected by reaction of pendant amine 
functions with boron-containing carboxyUc acids, or by 
reacting pendant carboxyl groups such as those on as- 
partic or glutamic acids with boron-containing amines, 
conveniently by using a condensing agent, e.g., di- 
chlorohexylcarbodiimide (DCC). Diazonium coupling 
is effected by reaction of a diazonium salt, prepared by 
diazotization of a boron-containing amine, e.g., by reac- 
tion of the amine with sodium nitrate and acid, with an 
aromatic an:uno acid, e.g., tyrosine, histidine or phenyl- 
alanine. 

Boron-containing alkylating agents 17-21, bearing 
carborane or borane anion groups, can be synthesized 
by the following pathways, which are meant to be illus- 
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trative of the various methods available, and which can 
be modified and adapted to produce analogous reagents 
with minor structural differences. Alkylating agents 
containing carborane anion groups can be most easily 
produced by base treatment of the corresponding car- 
borane precursors at convenient branch points in their 
synthesis. Metallocarboranes can be made by adapting 
syntheses for producing analogous acylating agents, but 
these are somewhat cumbersome. 



HC=C— (CH2)30Ac ^ > H— {DB}— (CH2)30Ac ^^^'^ > 



H-{DB}— (CH2)3l 



17 



IS 



(a) BioHt4/acetonitrile, reflux 

(b) LiAlH4/ether, or aqueous acid hydrolysis (OAc ^ OH) 20 



12 

-continued 



H— {DB}— C6H4CH2Br 
19 



10 



(a) BioHi4/acetoiiitrilc. reflux 

(b) Br2 

(c) Mg/ether 

(d) CH2O 

(e) SOBrz 

The benzyl alcohol intermediate in the above scheme 
can be prepared by hydride reduction of the corre- 
sponding benzoic acid, H— {DB}— C6H4COOH, 
whose preparation is shown hereinafter. Further vari- 
ants of the general class of alkylating agents represented 
by compound 19 can be readily envisioned, e.g., ring- 
substituted derivatives having alkyl, aryl, fluoro, alk- 
oxy, aryloxy, nitro groups, and the like; substituents at 
the benzylic carbon; and/or homologs and isomers 
thereof. 



(c) toluencsulfonyl chloride/pyridine (OH ^OTs) 



(d) sodium iodide/acetone (OTs ^I) 25 

Zakharkin et aL. Zh. Obshch. Khim.. 35. 2160)1965) 

It will be apparent that either iodide 17 or its precur- 
sor tosylate can be used for alkylation of ammes, hy- 3Q 
droxyls or phenoxides and thiols. Moreover, the chain 
length can be varied merely by using a starting acety- 
lene of shorter or longer chain length, or by homologat- 
ing the product by, e.g., conversion of the iodide to a 
Grignard reagent, followed by addition to formalde- 35 
hyde, other aldehydes, ketones or epoxides, or the like. 
Sunilarly, alkyl-substituted acetylenes can be used ini- 
tially, as can acetylenes substituted with other groups 
which do not interfere with subsequent reactions, e.g., 
ether, aryl, nitro, cyano or fluoro groups, and the like. 40 



H— {DB}— (CH2)30H ^ > 

H-{DB}— (CH2)30CH2CH20H-^»£-> 45 
H— {DB}— (CH2)30CH2CH2l 



18 



(a) ethylene oxide» BF3 (separate oligomers) 

(b) TsCl/pyridine (OH >OTs) 

(c) Nal/acctone (OTs ^I) 



The length of the chain in the starting acetylenic 
alcohol, which is an intermediate in the synthesis of 17, 
can readily be varied as noted above. The resultant 
alcohol can be homologated, and/or a different epoxide eo 
can be used to make the ether-alcohol, to achieve vari- 
ant structures of this general type. 

HC=C-Ph-^->H-{DB}-Ph-i->H-{DB}-C6H4-Br 
H-{DB}-C6H4-Br-£»i>H— {DB}— C6H4CH20H-£-> 



H-{lOB-2)— H-S->(CH3)2S— {lOB-2}-S(CH3)2-^-> 
[(CH3)2S-{lOB-2}-SCH3l- ^ > 

(CH3)2S— {l0B-2}-S(CH3)CH2C6H4CH2OAc-^-> 

(CH3)2S— {lOB-2}— S(CH3)CH2C6H4CH2Br 
20 

(a) dimethylsulfoxide (pMSO)/H+ 

(b) potassium phthaltmide, heat 

(c) BrCH2C6H4CH2bAc 

(d) HBr 

Sneath, et aL, J. Med. Chtm^ 17, 796(1974) 

The tosylate corresponding to bromide 20 can be 
readily made by base-catalyzed hydrolysis of the ace- 
tate intermediate above, and reaction of the resultant 
alcohol with TsCl/pyridine. Structural and isomeric 
variants of bromide 20 are easily envisioned by the 
skilled artisan, and these include but are not limited to 
ring isomers, alkyl, aryl, alkoxy, aryloxy, fluoro, nitro 
substituents, other alkyl, aryl, aralkyl and aralkyl sub- 
stituents on the sulfonium group, and the like. 



t(CH3)2S— {12B-2}— SCH3]- 



50 



55 



(CH3)2S— {12B-2}— S(CH3KCH2)2COOH-^_^ 



(CH3)2S— {12B-2}— S(CH3XCH2)30H- 



(CH3)2S— {12B-2}— S(CH3XCH2)3Br 

(a) Br(CH2)2COOH 

(b) LiAlH4 

(c) PBr3 or SOBr2 (or TsCl/py for tosylate) 
Sneath, et aL, J. Med. Chem., 17, 796(1974) 

The Starting material for this sequence is obtained 
analogously to the corresponding intermediate in the 
previous sequence, except that H— {12B— 2}— H is 
used instead of H— {lOB— 2}— H to react with the 
DMSO. It will be apparent that other haloacids and/or 
esters can be used instead of the beta-bromopropionate, 
e.g., alpha-bromoacetate or other alpha-haloalkanoic 
acids of esters, methyl alpha-bromophenylacetate or 
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-continued 



10 



15 



methylene proton) 

(b) carbon dioxide 

(c) acidification 

(d) ethanol reflux (decarboxylates carborane) 
Hawthorne ct al^ J. Am. Chem. See.. 87, 4746(1965) 

An intermediate from the synthesis of compound 19 is 
the starting point for the foregoing sequence, which 
readily produces 1,2- and IJ-carboranyl-p-benzoic 
acids. These can be converted to activated carboxyl 
derivatives by analogous methods to those used on 
compound 22, 



H-{DB}— (CH2)2COOH2»fe^ 



other alpha-haloaralkanoic acids or esters, ganuna- 
haloacids or esters, delta-haloacids or esters, and the 
like. 

Representative examples of the \ise of these alkylating 
agents to produce amino acid building blocks for pep- 
tide synthesis follow. 

It is seen that alkylating agent 17 can be used to con- 
vert the thiol of cysteine of a thioether, resulting in 
compound 9. (The skilled artisan will recognize that the 
cysteine will normally be in the form of an N- and C- 
protectcd derivative, and that one or the other of the 
protecting groups will normally be removed by conven- 
tional means before the boron-containing amino acid is 
joined to a growing peptide chain under standard solid 
phase reaction conditions.) 

Similarly, compound 17 can alkylate the phenolic 
oxygen of a suitably protected tyrosine, resulting in the 
production of boron-containing amino acid 10, again 
suitably protected. In an analgous fashion, alkylating 
agents 18-21 can be used to attach other types of boron 20 
cage structures to pendant amine, hydroxyl or thiol 
functions of suitably protected amino acids. In addition, 
these alkylating agents and their precursors and/or 
derivatives are also useful as intermediates in various 

classical amino acid synthesis schemes, examples of 25 (a) ethoxide/ethanol (1.2- and l.7-dicarbaK:losodode 
which will be shown hereinafter. 

Representative acylating agents 22-29, incorporating 
carborane, carborane anion and borane anion moities, 
are shown below, together with illustrative synthetic 
sequences by which they can be produced. Again, it 
will be appreciated that many structural and isomeric 
variants of these compounds may be made by varying 
the structure of the reactants and by minor modifica- 
tions of the reaction conditions in ways that are familiar 



H— {UB9-{CH2)2C00H(CH3)4N+- 



H— {UB^(CH2)2COOSu(CH3)4N + > 



Na+H— {UB^(CH2)2COOSu 



24 



caboranes- 



30 



►corresponding nido-undccaboranes, 
1.12-isomer uses Busby et al method shown earlier) 



(b) acidify, e.g.. with HQ 

(d) HOSu/DCC 

(e) ton exchange 



(0 lyophylization 

to the skilled artisan. The types of permissible SUbstitU- 35 Hawthorne et al.. J. Am. CSiem- See.. 90. 862(1968). 

tion and/or isomerization correspond to those men- 



tioned above for synthesis of related structures. 



H— {DB>— (CH2)30H- 



►H— {DB}— (CH2)2COOH- 



22 



H— {DB}— (CH2)2COa- 



Any of the isomeric carboranes, e.g., carboranyl pro- 
pionic acid 22 illustrated above, can be degraded with 
base to the corresponding anion with one less boron 
40 vertex, by the procedures shown above, acidified, and 
the product isolated as the quaternary ammonium ion. 
The OSu ester is conveniently prepared, and can be 
optionally converted to the sodium salt by ion exchange 
and (also optional) lyophylization. 



H-{DB}—(CH2)2COOSu- 



45 



►(H— {DB}-(C:H2)2C0)20 



(a) chromic acid 

(b) thionyl chloride 

(bO N— hydroxysuccinimidc (HOSu)/DCC 
Qo:") acetic anhydride 



H--{DB}— C6H4CX>OH3*^»£»^*£»^^Na+H— {UB9-C6H4COOSU 



25 

5Q (a) ethoxide/ethanol (1^- and 1,7-dicarba-closododcca- 



Acid 22 can be condensed with a pendant amine 
group, e,g., on a lysine residue suitably protected at the 
alpha-amino and -carboxyl termini, using DCC as an 
illustrative carbodiimide-type condensing agent More 55 
rapid condensation, which can dispense with the need 
for a condensing agent, can be effected with any of the 
activated acid derivatives shown, viz., the acid chlo- 
ride, the N-hydroxysuccinimide ester or the anhydride, 
among other known carboxyl derivatives. 60 



H-{DB}— C6H4Br£»2£^HOOC-{DB}-'C6H4<X>OH-^-> 

H— {DB}— C6H4COOH 65 
23 

(a) butyl lithium (lithiates phenyl and removes carborane 



boranes- 



^corresp. nido-undecaboranes; 



1.12-isomer uses Busby et aL method shown earlier) 

(b) acidify, e.g.. with HCl 

(c) «ai3)4Na 

(d) HOSu/DCC 

(e) ion exchange 

(f) lyophylization 

Carboxylic acid 23 can be degraded by a similar se- 
quence and converted to the activated carborane anion 
acylating agent 25. 



[(CH3)2S— {lOB-2>— SCH3I- ^ > 

(CH3)2S— {lOB-2}— S(CH3)CH2C6H4COOH-^— > 
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-continued Science, 78, 462 (1972); Hawthorne et al., Accts. 

Chenu Res,, 1, 281 (1986); and references cited therein. 

(CHshS— {iOB-2}— S(CH3)CH2C6H4Coa The following examples and reaction sequences are, 

2g therefore, merely illustrative of the types of compounds 

5 and the types of metal ions which can be incorporated 

(a) BrCHjCeiUCOOH into addends for preparing antibody conjugates. Nearly 

0>) 5002 lonn/ia-TiT. every type of metal ion has been incorporated or can be 

Sneath et al., J. Med Chem.. 19, 1920(1976) . "''^ , . , , . . 

mcorporated mto these metallocarboranes, so that the 

An intermediate in the synthesis ofcompound 20 can ^""^^ f f ^ j? Itt^^l ""^.^^"^^.^^ 

be S-alkylated with the readily available alpha- "^^tals such as Inail)- HI. Ga(III)-67. Gd(III), Yail)- 

bromotoluic acid to produce a neutral toluic acid deriv- 90, and the like can be substituted therefor. The com- 

ative, which can be converted to acid chloride 26. The P^^^^s are of the "sandwich" type similar to ferrocenes 

reaction sequence can be effected with 1,6- or 1,10- a^id can mcorporate substituted or unsubstituted cy- 

decarboranyl and with 1,12-dodecaboranyl starting clopentadienide rings, hereafter denoted by the symbol 

materials. It will be appreciated that acid chloride 26 is "{CPD — as well as {lJB-2} moieties, prepared by 

only one of several possible activated acid derivatives treatment of {UB — } rings with strong base, e.g., NaH, 

useful for acylation under mild conditions, and that the to remove the bridge hydrogen and product the "dicar- 

acid itself can be used for acylation, e.g., with an amine, bollide" dianion. 

in the presence of DCC. The cyclopentadienide anion is conventionally pro- 

duced by cracking cyclopentadiene dimer and reacting 

b the monomer with base, e.g., NaH. The carborane dian- 

^ ion is normally produced by treating the monoanion 
with strong base, e.g., NaH, to remove the bridge hy- 

(CHshS— {iOB-2}— CONHR 25 drogen. It is common for several isomers to be pro- 

Sffie.g.iysinecpsaon.aminogroap) ^"^^^d by this proccdurc. and thcsc may bc separated if 

Wong et at, J. Med, Chenu. 17. 7ss(i974) dcslrcd or uscd as a mixture. Either anion may bear a 

MuctterUes et aL. "Polyhedral Bonmes". op. cit substitucnt for later attachment to an amiuo acid side 

.... J . r , J ,^ chain, substituted cyclopentadienides being readily pre- 

The monoaddmon product of closo-decarborane pared, and substituted dicarboUides having already been 
diamon and DMSO reacts with oxaloyl cMonde o ^ monoanion precursors, 

form 1,6-acylium denvaUve 27, which is reactive with ^""**"» « '"'^^ luwuwoutwii picvuxav^ia. 
amines to form amide linkages. 

H-{l2B-2}-H 35 {CPD-}-(CH2)4CQOCH3 ^ ^ > 

[H-{l2B-2}-COl- + OC-{12B-2}-CO [H-{UB-2}-H.Co(nD.{CPD-}-(CH2)4CCX>CH3] 



((CHjhS— {lOB-2}— H]--2^(CH3)2S-{lOB-2}— CO 

27 



28 29 



31 



a CO/H''', pressure » H— {UB.2}— H soltttion in tetrabydrofttnm{THF) 

b CoQ: in THF 

c workup in air (Co(U) — ^<:o(lII)) 



MocttcrticsetaL, "Polyhedral Borancs". op. cit ^ bCoQiinTHF 



Closo-dodecaborane dianion adds carbon monoxide 
to form a monoacyUum.or 1,7- and 1.12-diacylium de- jt wiU be recognized that the ester function in com- 
nvatives, both of which r^ct with aimnes to form am- 31 can be readily hydrolyzed to a carboxylic 

Ides similarly to compound 27. ^^^^ ^ ^^^^ converted to an acid halide, 

anhydride or OSu ester by methods already shown 
H— {ioB-2}— H -^-^(H— {iOB-2}— NH=NC6H5l- ^ > hereinabove. Alternatively, a Schmidt reaction, or anal- 

ogous degradation, can convert the acid or ester to an 
^, isocyanate, which can be further hydrolyzed to an 

[H-{iOB.2}-N2]+ ->[H-{i0B.2}-coi- 50 amine. Thus, the metallocarborane sandwich complex 
a CbHjN^+BF*- ^® linked to amino acid side chains by a variety of 

b acetonitrile, reHox methods and Can form a variety of bonds thereto. 

c CO. pressure, 120* C 

Leyden et al.. Inorg. Chem., 14, 2444(1975) 

Hawthorne et aL, J. Am. Chem. Soc, 87, 2366(1965) 

55 H— {UB— }— (CH2)2COOH 

Closo-decarborane dianion reacts with phenyl- 
diazonium tetrafluoroborate to form an intermediate h— {UB-2}— (CH2)2COO" C| « ^ 

wluch loses benzene upon heating, resulting in a diazo- 
nium derivative which can be carbonylated under pres- [{cpd-}.Co(IID.H-{ub.2}-(CH2)2COOH1 
sure, with loss of nitrogen. The resultant acylium com- 60 32 
pound, 30, reacts with amines to form amides. a NanmiF 

Metallocarborane reagents for modifications of *• {cpd— }/thf 
amino acid side chains, or for direct incorporation into I ^J^L 
PAUTs, can be prepared using reactions which are eaddify 
known to those skilled in the art of boron chemistry. 65 

Useful general references for the types of reactions The starting carborane anion and the intermediate 
envisaged include, e.g., Muetterties, Ed., "Boron Hy- dicarbollide dianion are both chiral, and can be used as 
dride Chemistry", op. cit.. Chapter 11; Hawthorne et pure enantiomiers or as a mixture, e.g., a racemic mix- 
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ture. Again» the acid function of compound 32 can be 
converted to other convenient groups for acylation of 
formation of other linking groups. In this and the other 
reactions for formation of metallocarboranes with two 
different groups forming the sandwich, it is possible to 5 
form side products with two of the same ligands bound 
to the metal. These side products often can also be used 
as addends and/or as chain forming reagents, as will be 
seen hereinafter. 

By using the same procedure as above, except that a 10 
dicarbollide dianion, H — {UB-2} — H, is added in step 
(b), instead of the {CPD — } anion, compound 33 can be 
prepared, having the structure; 



[H— {UB-2}— aCoaiDJ*— {™-2>— (CH2)2CCX)H1- 
33 



2 H-{UB-2>— H - 

[H— {UB-2}— RCoaiI)-H— {UB-2}— H]- 



15 



20 



I(H— {UB-2}— H)—S—CH—S—(H— {UB-2}— H).CoaiDl 
34 

tCoQimiF 25 
b workup in lir 
c CS^Aiaj 

Fnnces et al, Inorg. Chcnu, 10, 594<1971) 

The foregoing reference also discloses a bridged 
sandwich complex with an — OCHO — bridge, wherein 30 
the carbon atom of the bridge also bears a positive 
charge. It will be imderstood that the dicarboUide 
groups are bound to sulfur (or oxygen) at boron atoms 
and not at carbon atoms. The metal ion (Go(III) in these 
examples) is sandwiched between the dicarbollide 35 
groups which, in this bridged case, cannot rotate freely 
with respect to one another as they can in the unbridged 
sandwich complexes shown above. The electrophilic 
carbon atom of the bridge can accept an electron pair 
from a nucleophile, e.g., an amine group or a malonic 40 
ester anion, and can thereby become attached to an 
amino acid side chain. Thus, for example, reaction of 34 
with the sodium salt of diethyl malonate, followed by 
hydrolysis and decarboxylation of the malonic acid 
adduct, will produce a bridged sandwich complex with 45 
an acetic acid group on the carbon atom of the bridge. 
This derivative can be condensed with an amine group 
or an amino acid side chain, e.g., lysine, or it can be 
converted to on of the activated acid derivatives men- 
tioned above or to an amine, an isocyanate or an isothio- 50 
cyanate by conventional transformations. 

It will also be apparent that other Imking functions 
can be substituted for the alkanoyl group shown in the 
above examples, e.g., a benzoic acid function or other 
alkyl, aryl, cycloalkyl, alkaxyl or aralkyl carboxylic 55 
acid or acid precursor. Various substituents can also be 
present, analogously to earlier examples, provided they 
do not interfere with the reactions being effected. 

Carbamation, thiocarbamation, ureidation, thiourei- 
dation and diazonium coupUng are ail related, in that 60 
they cstn all be effected using a common amine precur- 
sor. The following examples will illustrate this point, 
and show how other groups of addends can be pro- 
duced which are capable of reacting with pendant hy- 
droxyl or amine functions to form carbamate/thiocar- 65 
bamate or urea/thiourea functions, or which can be 
diazotized and reacted with aromatic residues to form 
diazo adducts. 



H— {DB}— C6H4COOH - 
23 



H— {DB}— C6H4NCO > H— {DB}— C6H4NCS 
33 36 

a HN3 (Schmidt Ruction) 

bH30+ 

c CSCI2 

Compoimd 23 is converted to the next lower isocya- 
nate, 35, in a Schmidt Reaction. The isocyanate can be 
reacted with a pendant amine or hydroxyl group an an 
amino acid residue to produce the corresponding urea 
or carbamate. Alternatively, the isocyanate can be hy- 
drolyzed to the amine, which can then be converted, by 
reaction with thiophosgene in acetone, at low tempera- 
ture, to the isothiocyanate, 36, in good yield. Isothiocy- 
anate 36 can be reacted with pendant amine and hy- 
droxyl groups of amino acid residues to produce thio- 
ureas and tMocarbamates. For example, reaction of 36 
with (suitably protected) lysine, at its side chain amine, 
produces compound 1 (also protected). Similarly, reac- 
tion of 36 with the side chain hydroxyl of (suitably 
protected) serine produces (protected) compound 3. 



H— {DB}— C6H4NH2 
37 



a etboxide/ethanol 

hcsai 



H— {UB— }— C6H4NH2 
38 



H— {UB— }— C6H4NCS 
IS 



The amine, 37, produced by hydrolysis of compound 
35, is readily converted to the corresponding carborane 
anion 38, which can then be reacted with thiophosgene 
to produce the isothiocyanate 15. This compound is 
used to form thiocarbamate or thiourea derivatives of 
pendant hydroxyl or amine functions of amino acid 
residues, e.g., formation of compound 5 by reaction 
with (suitably protected) lysine. 

As noted above,, compound 15, in the form of a suit- 
able metal or quaternary ammonium salt, can be iodi- 
nated, by reaction with Nal and Cloramine-T in buff- 
ered aqueous solution, on the carborane cage rather 
than the benzene ring, a reaction which is of consider- 
able interest for the eventual synthesis of antibodies 
containing both a radiolabel, e.g., 1-125, 1-131, or M23, 
and boron atoms for in vitro diagnostic use and for in 
vivo diagnostic and/or therapeutic use, particularly for 
the targeted thermal neutron activated therapeutic 
methods for treating tumors and pathological lesions 
disclosed in the above-reference Goldenberg patents 
and patent applications. The resultant iodocarborane, 
16, can be used to incorporate both radioiodine and 
B-10 atoms in the linker peptide by, e.g., reaction with 
the epsilon-amine of alpha-protected lysine, e.g., to 
produce compound 6. 

With the use or 1-125, radiolabeled carborane can be 
covalendy attached to antibody and the efficiency of 
coupling, as well as the distribution of labeled antibody 
in tissues, can be accurately assayed. Use of 1-131 or 
1-123 permits labeling with radionuclides of interest for 
in vivo diagnostic and therapeutic procedures. 

Loss of iodine label by enzymatic dehalogenation 
may be a disadvantage attendant upon use of antibodies 
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directiy radioiodinated using, e,g., the Chloramine-T borane anion and metallocarborane, whenever avail- 
procedure. Most of the iodine is probably bound to the able, 
aromatic ring of tyrosine residues on the antibody. The 
carborane anion, such as in compound 6, is a poor sub- 
strate for dehalogenases and markedly reduces loss of 5 H— {db}— (CH2)2CCX:i ^ > 
radiolabel due to dehalogenation in vivo. 



H— {DB}— (CH2)2CHO 



H-{DB}— C6H4NH2 -S^H— {DB}— C6H4N2+BF4- 



37 39 jQ H-{DB}-(CH2)3CH(NH2)COOH 



a HNO2/HBF4 
Hawthorne et aU J. Med. ChenL. \5, 449(1972) 



Diazotization of amine 37 produces diazonium salt LiHAl(OE03 
39, which can be used to add to the phenol ring of a 

(suitably protected) tyrosine residue to produce (pro- 15 I i 

tected) compound 8. CeHsC^ N- CH2COO/AC2O 



H— {DB}— C6H5 ■ 



(c) H2/Pt 

(d) H3O+ 



^ The acid chloride derived from 22 is reduced to the 
H-{DB>-C6H4N02— >H-{DB}-C6H4NH2 corresponding aldehyde with lithium triethox- 
bivpi^^a yaluminum hydride. The aldehyde is condensed with 

the cyclized form of N-benzoylglycine, in an aldol-type 

An alternative method for obtaining the aromatic 25 ^^^^^^nsation, foUowed by dehydration with acetic 
amine 37 is nitration of the benzene ring of a phenyl-car- anhydnde. The double bond is hydrogenated to pro- 
ba-closo-dodecaborane, followed by conventional re- duce a new chiral center, and the cyclized ring is hydro- 
duction of the nitro group. The amine can be trans- Jyzed to form an alpha-ammo acid. If the hydrogenation 
formed with thiophosgene to an isothiocyanate or with ^ effected with a chiral catalyst, either the L- or D- 
phosgene to an isocyanate. 30 enantiomer can be selectively generated. Alternatively, 

It will be appreciated that that carboxylic acids men- ^® racemic acid can be separated into its component 
tioned above, as well as the structural variants thereof, enantioniers by conventional means, involving forma- 
can be converted to amines, which can themselves be tion of a salt with one enantiomer of a chiral base or 
condensed with pendant carboxyl groups of amino acid, fractional crystallization, and recovery of the pure 
acids such as aspartic or glutamic acids. The amines can 35 enantiomer. The amino acid can be reacted with a pro- 
be further converted to ispcyanates and diazonium salts tecting reagent, e.g., t-butyl chlorofonnate (BOC— CI) 
(normally only the aryldiazonium salts are sufficiently to form the N-BOC derivative for use in solid phase 
stable for coupling with an amino acid). synthesis. 

It will be appreciated that the foregoing method is 
„ ^ An quite general and can be adapted to the synthesis of a 

{CH3)2S-"{iOB-2}-co iL>KcH3)2S-{iOB.2}-NC01- ^ g^eat number of other side chain amino acids via the 
a NtN3/cH3CN. 15' c ^ Corresponding carboxyl derivative. Similarly, Strecker 

Synthesis upon the intermediate aldehyde (reaction 

Acylium borane 27 can be converted to the corre- KCN/NH4CI, followed by hydrolysis) will pro- 

sponding isocyanate by a reaction that resembles a 45 an amino acid with one less methylene in the 
Schmidt Reaction. This reaction can also be performed ^i^-' H— {DB}— (CH2)2CH(NH2)COOH. 

on compounds 28 and 30 above, with snnilar results. Devised side chain amino acids with anionic boron 

The many examples illustrating some of the types of groups can be simply prepared by reacting the 

side chain modifying groups which can be envisioned corresponding carborane cage compounds with base, 
are not intended to be exhaustive, but representative of 50 The resultant carborane anions are often chiral, and 
the vast number of possible ^oups of this sort which result in mixtures of enantiomers and diastereomers, 
are included within the scope of &e present invention. which can all be conventionally separated. Compound 
It wiU be appreciated that, in any of Uie foregoing side 12 is an example of such a species, produced by treating 
chain-modifying reagents, the boron-containing moiety the next higher homolog of compound 1 1 with ethoxide 
can be replaced by a chelator, a drug, a toxin, a fluores- 55 in ethanol, 

cent group or the like useful addend, which can thereby Similarly, metallocarboranes such as 31 and 32, can 
be incorpiorated into the PAUT and eventually conju- be transformed into side chain boron-containing amino 
gated to the antibody. acids by converting their carboxyl groups into aldehyde 

Another type of residue for incorporation into PAUT groups by the foriegoing procedure, and carrying out a 
according to the present invention is an amino acid 60 Strecker Synthesis thereon, as shown above. The resul- 
which is not a side chain-modified or derivatized amino tant mixture of chiral amino acids can be resolved. The 
acid, but rather, a synthetic, "devised" amino acid product of this sequence on compound 31 will be a 
which mcorporates a boron cage directiy mto an amino mixture of enantiomers, while the product from com- 
acid, i.e., through a carbon-carbon bond. For conve- pound 32 will be two diastereomeric pairs of enantio- 
nience, these are grouped into two categories: the side 65 mers. Since the carborane anion cage is itself chiral. 
Cham cage type; and the in-chain cage type. Representa- Analogous transformations can be effected on com- 
tive examples of each type of residue will be given, pound 33 and the acetic acid adduct (from malonate 
including residues with a carborane, carborane anion, addition) of compound 34. 



21 



CH2=CHCH2C=C(CH2)3COOCH3 • 
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CH2=CHCH2— {DB}— (CHrisCOOCHa 



b.c.d 
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metal ion, using a procedure analogous to the following. 



5 H— {UB— }(CH2)2NH2 ^ > H— {UB-2}(CH2)2NH" 



NH2(CH2)3-{DB}— (CH2)3CCX)H H-{UB— }(CH2)2COOH ^ > H-{UB.2}(CH2)2COO- 



(A) 



(B) 



(a) BioHi4/CNjCN 

(b) B2H6 . 

(c) H2NOSO3H 

(d) H3O+ 

A disubstituted acetylene, prepared by sequential 15 
alkylation of acetylide by allyl bromide and methyl 
gamma-bromobutyrate, is condensed with decaborane 
tetradecahydride to form the closo-carborane cage. 
Conventional hydroboration/amination, followed by 
hydrolysis of the ester, produces an amino acid having 
a boron cage in the chain which has the amine and 
carboxyl functions as chain termini. It will be under- 
stocxi that suitable protecting groups, e.g., BOC, will 
normally be introduced to prepare residues for auto- 
mated solid phase peptide synthesis. 

Analogously to earlier examples, compound 13 can 
be treated with ethoxide/ethanol to produce anionic 
boron cage compound 14. It will normally be conve- 
nient to isolate this compound as its tetramethylammo- 
niumsalt 



10 A + B • 



H-{DB}— C6H4COOH 

CH2==CHCH2— {DB}— C6H4COOCH2CH=CH2 

CH2=CHCH2— {DB}— C6H4COOCH3 ^^'^ > 

NH2(CH2)3-{DB}— C6H4CCX)H 
41 

(a) butyl lithium (2 equivalents)/THF 

0>) allyl bromide (2 equivalents) 

(c) hydrolysis (H3O+, neutralize) 

(dO diazomethane 

(e) B2H6 

(0 H2NOSO3H 

(g) H3O+ 
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Compound 23 can be transformed into an in-chain 
amino acid by alkylation with an allyl group at the 
remaining carbon vertex of the carborane, followed by 
conventional hydroboration/amination. By analogy to 
earlier procedures, treatment of compound 41 with 55 
ethoxide/ethanol will produce the corresponding 
amino acid, 42, with a nido-carborane anion cage. Also 
by analogy to earlier discussions, the many structural 
variants of carboxyl and amine compounds can be elab- 
orated by similar schemes to in-chain amino acids. 60 

Metallocarborane sandwich complexes with an amine 
terminus and a carboxyl terminus on opposite boron 
anion cages represent one illustration of the type of 
in-chain species envisioned for this type of boron-con- 
taining moiety. It will be apparent that in-chain anionic 65 
amino acids such as compound 42 can be further elabo- 
rated into metallocarboranes by reaction with strong 
base and combination with another dianion cage and a 



[H— {UB-2}(CH2)2NH2.Co(nD.H— {UB-2}(CH2)2COOH1- 
43 

(a) NaHmiF(2eqvts,) 

(b) CoCl2/rHF 

(c) workup in air, acidify 

The amine anion used to generate Solution A can be 
produced from acid 22 by Schmidt Reaction, hydrolysis 
of the resultant isocyanate, and base treatment to gener- 
ate the nido-carborane anion. Treatment of compound 
22 with strong base directly produces the starting mate- 
rial for generation of Solution B. Each of these starting 
materials can be a mixture of enantiomers or a single 
enantiomer. Accordingly, the resultant sandwich com- 
plex can either be a single chiral product or a mixture of 
four enantiomeric or diasteriomeric products, which 
can be separated by conventional means or used as a 
mixture. It will also be appreciated that the reaction can 
produce byproducts, i.e., the complexes having an 
amine on both dicarboUide groups or having a carboxyl 
on both dicarbollide groups. These byproducts can be 
separated from the desired amino acid complexes by 
virtue of their differences in acidity/basicity, and they 
will be useful in other contexts, as will be shown herein- 
after. 

It is presently anticipated that synthesis of PAUTs 
from amino acid residues will be most conveniently 
effected by means of an automated solid phase peptide 
synthesizer. The Orst residue is normally attached to 
beads of a polymer resin, e.g., polystyrene, suitably 
functionalized to accept substitution of a carboxylate 
anion for a labile substituent, e.g., by halomethylation. 
Standard machine conditions ordinarily involve attach- 
ment of the C-terminal residue to the resin, e.g., by 
attack of its carboxylate on a benzylic carbon of a 
halomethylated polystyrene. The C-terminal residue 
and subsequently added residues have their alpha-amine 
functions protected by BOC groups, which are cleaved 
by CF3COOH in CH2CI2 after each successive addition 
of a residue. Condensation of the deblocked N-terminus 
with the carboxyl group of the next (N-protected) resi- 
due is effected with DCC, and excess residue and DCC 
are washed out with triethylamine. The fmished peptide 
is cleaved from the solid support with liquid HF. 

For more sensitive residues, milder conditions can be 
used, e.g., the use of Bpoc (— COOC(CH3)2— Ce. 
H4 — C6H5) as an N-protecting group, which can be 
cleaved with dUute CF3COOH/CH2CI2, binding of the 
C-terminai group to the resin through a readily cleaved 
ether linkage, or use of a base-cleavable N-blocking 
group, e.g., the Fmoc (fluoroenyl-methoxycarbonyl) 
group, which can be cleaved by piperidine. Use of the 
latter protecting group must take cognizance of the fact 
that it will affect chains where a carborane cage is in- 
corporated, since the piperidine will convert the carbo- 
rane to its corresponding nido-anion. In certain cases, it 
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may be useful to achieve this transformation in the bromide over the isothiocyanate will result in linkage to 

course of peptide synthesis, rather thatn by earlier treat- form an amide bond. Cleavage again from the resin 

ment of the residue with strong base. produces a group having two polymer chains attached 

The foregoing are merely suggestive of the proce- to the phenylisothiocyanate by amide bonds, which can 

dures which will be familiar to one of ordinary skill in j then be linked to antibody through the NCS group. 

soUd phase peptide synthesis, in view of the many excel- jhe foregoing examples are merely a suggestion of 

lent and coinprehesive references generally available in the manifold possibilities for branchers, which are lim- 

the art, the Garland et al. and Stewart et al. references jjed only by the caveat that they have selectively reac- 

noted heremabove bemg among the most useful. Onc« thereon which can react first with the termi- 

the sequence of ammo acid residues is selected, it will jo or a pendant group of a polymer chain and later 

normally be a routine matter to choose the proper pro- witha pendant function on an^ttoody. Other variants 

tectuiK groups for the individual residues and to choose • i^. il t*.^ . 

the proper automated conditions for their linkage "^l?^ t^TJ^^^^^ ^""^ 

Firtherstructuralvarietymaybeachievedbytheuse .^'^'^i^ ? ^1"^^^ , • , 

of chain brancheni. either at the beginning of a chain or 15 l^^^ovld be noted that another type of Jbrancher" 

at one or more intermediate points in the chain. TTiese <^ used to Imk together two Fab or Fab' functions, 

may be residues uniquely designed for this purpose or ^"^8. SH groups. This could be done by 

they may be natural or synthetic amino acids or other g^owmg polymer chams and cappmg the terminal 

related functionaUy substituted groups which can serve ^ alkylating group, e.g., COCHzBr, cleav- 

the purpose of accepting branch chains or addends. 20 ^^^^ C-termmal carboxyl from the resin, and reacting 

Representative illustrations of the types of compounds cleaved polymer with p-phenylenediamine/DCC, 

envisioned will show the nature and scope of these produce a longer joined polymer having a 

components. bromoacetamide at each end. This could then be re- 

The simplest type of brancher is a natural amino acid ^^ted with Fab or Fal>' fragments, under reducing con- 

with a pendant functional group, to which can be at- 25 ditions, to bridge the two fragments. A further option is 

tached another preformed PAUT chain. For example, to include yet a third function on the joining moiety to 

the epsilon-amino group of a lysine residue can be pro- which additional functional groups can be added. A 

tected with a selectively cleavable group which sur- lysine with two BOC protecting groups on the two 

vives cleavage of the BOC group, e,g., a benzyl group amine functions can be added to the end of a polymer 

which can be hydrogendlyzed at a point when branch- chain still attached to the solid phase, the BOC groups 

ing is desired, or e.g., a Bpoc group which can be cleaved, the two amines acylated with bromoacetyl 

cleaved without cleaving the chain-terminal N-BOC. In chloride, and Fab/Fab' fragments reacted with the 

either case, the epsilon-amino group can be linked to a resultant polymer. Selective protective groups and se- 

branch chain either prior to or subsequent to further quential deblocking/acylation/alkylation with different 

elaboration of the trunk chain. Similarly, an aspartic or Fab/Fab' fragments would produce a hybrid divalent 

glutamic acid residue can be used as a brancher, pro- immunoreactivc agents. The possibility of multivalent 

tected by a selectively cleavable group. hybrids should be recognized, using this technique. The 

The protecting group also can be cleaved either prior resin-bound product can be cleaved and the C-terminal 

to or subsequent to chain extension of the trunk peptide. group further modified if desired. 

Another type of brancher is a molecule of the general ^ Additional branching and capping groups will be 

type YGCX)2. wherein G is any central structure, Y is a disclosed heremafter, in connection with methods of 

function reactive with an antibody, and X is a more fonning PAUTs using homodifunctional residues, 

reactive function that wdl kmeticaUy favor reaction Although automated solid phase peptide synthesis 

with. e.g., the amme termmus of a ^owmg polymer effects great improvement in the production of defined 

cW As an Illustration, s^^^^ sequenced polymers, the method stiU requires the use of 

di(bromocarbonyl)phenyliso^^^ y^herem G is protecting groups in each step, by virtue of tiie fact that 

rni'^^'' "S^' V ^^K^T' " ^ an aike aJid a carboxyl group are present in each 

COBr group. Branchmg could be effected as foUows; .^sidue to be linked. In conlr^t to McKeam et al.. the 

object of the present invention is not necessarily to 
P-ooc[aa*s]NH2 ^ > P— OOCKs]NHCOGXY ^ > 50 conjugate to an antibody a polypeptide made of natural 

amino acids. Accordingly, this invention envisages the 
use of homodifunctional residues to build PAUTs, pref- 
H0OC[aa'slNHcoGXY grably also on a soUd phase, but without some of the 

inconvenience entailed by the use of amino acids as 
HOOC[aa*slNHCOGycoNH(aa's]COO— p ^ 55 building blocks. The simplest such approach is the use 

of alternating diamine and diacid building blocks to 
HOoqaa*s]NHCOGYCX>NH[aa's]CX)OH produce a "nylon 66" type polymer. Another approach 

(a) YG(X)2 is to use diamines with diisocyanates and or/diisothi- 

(b) HF or CFjCOOH . ocyanates to form poly(urea/thiourea) chains, again in 

(c) H2N . . . coo— P ' 60 the "nylon 66*' sense. It will be apparent that any combi- 

nation of the foregoing can also be used. Moreover, this 

Here, a first completed polymer chain (deblocked) is approach can be combined with the conventional ap- 

reacted with an excess of the brancher, so that each proach, using amino acids, either for construction of the 

amine terminus bears a brancher with one acyl bromide trunk PAUT, or for modification of side chains, branch- 

and one isothiocyanate. The intermediate is cleaved 65 ing or linking to particular types of functional groups, 

from the resin (P) and the free polymer is reacted with More specific representative illustrations of each of 

a second completed polymer bound at the C-terminus to these approaches will be disclosed hereinbelow, al- 

resin. A kinetic preference for reaction with the acyl though it will be appreciated by the ordinary skilled 
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artisan that many other species can be envisaged, ail of OB — 2}— counterpart, whose synthesis is shown below, 
which fall within the clear scope of the invention. 

H-{DB>-(CH2)2COOCH3-^^ 5 BioHio'^ -.a->l,10.N2-{lOB.2}-N2 -^-> 



H-{DB}— (CH2)2C(0H)[(CH2)4(CHOCH2CH2O)h ^'^'^ > 

H— {DB}— (CH2)2CH[(CH2)»CHO]2 ^ > (a) HONO 

(b) CO, heat 



MOOC— {10B.2}— CO 
46 



, , Knoth ct al.. J. Am. Chem. Soc.. 89. 4842(1967) Muettenies « al« "Polyhedral 

H-{DB}— (CH2)2CH[(CH2)4COOH]2 Bonin«". op, cit 
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The borane dicarbonyls are remarkably easy to trans- 
form into other useful molecules, as seen below, 

(a) BrMirfCH )4CHOCH CH o/ether wherein B-CO denotes one end of the borane dicarbo- 
w r 2M 2 2 e jjyj function, both ends behaving similarly. 

(b) trace H***. heat 

(c) H2m 

(d) H3O+ B— CO + RNH2 — >B— CONHR + H+ amide fonnation 
(c)H2Cr04 

Startmg with the methyl ester of compound 22, ^"^^ + ^3" — >B-NCO + N2 isocyanate formation 
Grignard reaction with 2 equivalents of the reagent 

poduced by reacting Mg with the ethylene acetal of 25 b-co + H2NOSO3H — >b-nh2 amine formation 
5-bromovaleraldehyde results in a tertiary alcohol The 

dcohol can be dehydratoi under mUd conditions, and been noted earlier that attempts to form amino 

the rMult«itolc&ishydrog™ated.Hy^^^^^ ^^^s with metaUocarboranes often produce "by- 

acetals and oxidation of die aldehyde grouj^ to car^^ products" having diacid or diamme groups, as shown in 

yb completes the synthesis. K wiU be recalled tl^t car- 30 ^^^j^ of compound 43. Where the homodifunc- 

boxyl poups can be converted to isocya«at« by the compound is Z desired product, it can be pro- 

Schmidt Reaction, and this can be done with the diacid j j • . . i . i ^ ^ < * 

to produce a diisiyanate. Similarly. hydrSj^k of Se m high yield by analogy to the earher proce- 

isoSyanates product a diamine. wWch"^ be reacted Jures. Thus, compounds 47 and 48 are readdy produced 

with thiophosgene to give a diisothiocyanate. All of 35 ^T^^ °" ^ °' ^2 '' °° ^' ' 

these homodifonctional residues wiU be useful in the ^o^^^^P- 
ensuing techniques for chain formation. 

[H— {UB-2KCH2)2NH2.CoaiDH— {UB-2}(CH2)2NH2] " 47 

CH300C(CH2)3C=C(CH2)3COOCH3-^ ^ [H-{UB.2}(CH2)2COOH.CoaiD.H"{UB.2}(CH2)2COOH]- 

CH300C(CH2)3 {db] (CH2)3C00CH3 ^ Compound 44 can be converted to its carborane dian* 

ion by successively stronger base treatments, and com- 

hooc(CH2)3-{DB}-(CH2)3COOH bined with unsubstituted dicarboUide and CoCh, with 

^5 ^5 air workup, to produce diacid 49. 

(a) BioHi4/CH3CN [H— {UB-2}H^m).H— {UD— 2- 

(b) H3O+ }-(CH2)2CH((CH2)4COOH)2]- 49 

The disubstituted acetylene obtained by reaction of 50 will be recalled that diacids such as 48 and 49 can 

acctylide with two equivalents of methyl 4-bromobuty- readily be converted to diisocyanates, diamines and 

rate is then reacted with decaborane tetradecahydride diisothiocyanates. 

to form a carborane cage in a now-familiar reaction. Prior to cleavage of the PAUT from the polymer 

The resultant diester is hydrolyzed to the diacid, which resin support, it is useful to cap the N-terminus of the 

can then be converted by familiar sequences to the 55 chain with a linker group which, after cleavage of the 

diisocyanate, the diamine and the diisothio-cyanate, all chain, will serve to link the polymer to the antibody, 

of which will be useful for chain construction. The linker will preferably have at least one function 

Diacids 44 and 45 can each be treated with strong capable of reacting with a (deblocked) amine and an- 
base to form the corresponding carbonate anion deriva- other function which is sufficiently stable to cleavage 
tives. The diamines can be similarly degraded with 60 conditions to survive, while being reactive with pen- 
strong base to form, the anion cage dijunines, which can dant groups on the antibody molecule for fonnation of 
then be treated with phosgene or thiophosgene to form a covalent bond. The antibody-linking function can be 
diisocyanates or diisothiocyanates. present as such on the linker or as a precursor of masked 

The polyhedral borane dianion chemistry shown function, 

above offers even more attractive possibilities here for 65 One advantageous function for antibody linkage is 

facile generation of homodifunctional chain forming the isothiocyanate group, the isocyanate and the acti- 

rcagents. Compound 29, OC— {12B— 2}— CO, will be a vated acid being useful as well. Amine-reactive groups 

particularly versatile intermediate, as will its — {l- include benzyl halides, acid halides, anhydrides, OSu 



27 



4,824,659 



28 



10 



15 



25 



esters, and the like. Typical capping groups include, 
e.g., p-isothiocyanatobenzyl bromide, p-isothiocyanato- 
benzoyl bromide, p-isothiocyanatophenacyl bromide, 
and the like. 

Alternatively, the N-tenninal amine can be de- 
blocked and capped with a group that renders it unreac- 
tive, after which the C-terminal carboxyl is cleaved and 
activated so that it functions as the antibody-linking 
group. One approach would be to cap the N-terminal 
amine Bdeblocked) with an cetyl group, then cleave the 
C-terminal carboxyl, and convert the acid to an OSu 
ester by reaction with HOSu/DCC. This ester could 
bind to the antibody, or it could be reacted with excess 
diamine, and the resultant amine converted to an isothi- 
ocyanate with thiophosgene. Other permutations will 
occur to the ordinary skilled artisan. 

Without further elaboration, it is believed that one 
skilled in the art can, using the preceding description, 
utilize the present invention to its fullest extent The 
following preferred specific embodiments are, there- 
fore, tobe construed as merely illustrative, and not limi- 
tative of the remainder of die disclosure in any way 
whatsoever. In the following examples, all temperatures 
are set forth uncorrected in degrees Celsius; unless oth- 
erwise indicated, all parts and percentages are by 
weight. 

The polymers prepared in the following examples are 
made using a Beckman Model 990 Automated Peptide 
Synthesizer, and purified using a Beckman Model 340 
HPLC system. The basic reagents and procedures are 
taken from Stewart et al., "Solid Phase Peptide Synthe- 
sis, 2hd. Ed.'*, except where noted. Boron-containing 
compounds are prepared using 96% B-lO-enriched 
BioHi4 (Callery Chemical Co., Callery, Pa.), and rea- 
gents derived therefrom by conventional reactions 
shown herein. Resin beads, BOC-protected natural 
amino acids and beta-alanine, and standard reagents are 
all available commercially and can be prepared by con- 
ventional means, should commercial sources no longer 
be available. 

The following abbreviations are used in the examples: 

45 
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Symbol 


Meaning 


[P] 


Meniileld resin of polystyrene 




crosslinked with 1% divinylbenzene 




(DVB) 


[PJ— O— giy-BOC 


Above resin (hydroxymethylated) 




containing 0.4 meq/g esterified 




BOC— glycine (Peninsula Labs^ Inc., 




Belmont* CA.) 


[P]— O— Bal-BOC 


Above resin (hydroxymethylated) 




containing 0.4 meq/g esterified 




BOC — beta-alanine (Peninsula) 


TFA 


trifluoroacetic acid 


TEA 


triethylamine 


DCC 


dicyclohexylcarbodiimide 


DCM 


dichloromethane (solvent) 


CA-T 


Chloramine*T 


AddRes 


Standard sequence for addition of an 




amino acid residue (see below) 


Weld 


Sequence for joining shorter oligo- 




mers to form longor oligomer (sec 




below) 


Ab 


Antibody or antibody fragment 


S-Y 


Stewart et aL, op. cit 
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EXAMPLE 1 
Synthesis of a Boron-Loaded Polypeptide 

(a) Synthesis of reagents. 

Compounds 1, 2, 5, and 11-14 are separately reacted 
with BOC-Cl under standard conditions (see, e.g., S-Y, 
pp. 6M) to produce the N-BOC derivative of each. 
Each BOC-amino acid (l-BOC, 2-BOC, etc.) is supplied 
to the appropriate reservoir of the synthesizer as a 
0,10M solution m DCM. DCC is supplied as a IM solu- 
tion in DCM. TFA is supplied as a 1:3 v:v TFA:DCM 
mixture with 1 mg/ml indole added. TEA is supplied as 
a 1:9 v:v reagent grade TFA:DCM solution. Resin is 
supplied as 2.0 g (0.8 meq) [P]— O— gly— BOC. 

(b) Synthesis of Building Block (BB) decapeptide. 
The starting resin is charged to the reaction flask of 

the peptide synthesizer, and subjected to an AddRes 
sequence with 2-BOC (in step 8A) as follows: 



30 



Step 


Reagent 


Vol (ml) 


Time (min) 




DCM wash (X 3) 


30 


1.5 




TFA/DCM/mdole 


30 


1.5 




TFA/DCM/indole 


30 


30 




DCM wash (x6) 


30 


1.5 




TEAi^CM 


30 


1.5 


6 


TEA/DCM 


30 


1,5 


7 


DCM wash (X6) 


30 


1.5 


8A 


BOOaa/DCM 


20 


1.5 


9B 


DCC/DCM 


2 


120* 


9 


DCM wash (x3) 


30 


1.5 



*Each coupling reaction is monitored after about 120 min. reaction, by withdrawal 
of a small portion of resin, which is subjected to the Kaiser ninhydria qualitative 
color test. A blue color signifies incomplete coupling, and requires repeating steps 
with a 160 min. coupling time. 

The resultant [P]— O— gly— 2— BOC is subjected to 
successive AddRes sequence with 12-BOC, l-BOC, 
13-BOC, 5-BOC, 1 l-BOC, 14.B0C, 2-BOC. 12-BOC 
and 13-BOC, respectively to produce the BOC-BB 
peptide, [P]-0-gly-2-12- 1-13-5-1 1-14-2-12- 13-BOC, as 
its glycyl-resin conjugate. 

After successful completion of the synthetic se- 
quence, the resin conjugate is deblocked (steps 1-7 of 
the AddRes sequence), and the resin is transfered to an 
HF cleavage apparatus, e.g., HF Reaction Apparatus 
Type I (Peninsula). The cleavage reaction is conducte;d 
witii 4 ml of anisole per 0.8 meq of resin. Cleavage with 
liquid HF (40 ml) is carried out at 0' C. for 45 min. and 
then pumped down to dryness under vacuum. The resin 
is immediately transfered to a fritted glass funnel using 
20 ml of dry ethyl acetate (EtOAc), washed with 3 X 20 
ml of EtOAc, and the washings discarded. The resin is 
then extracted with 4x60 ml of I M aqueous acetic acid 
(HO Ac), followed by 3/. 30 ml glacial HO Ac. The 
extracts are combined, treated with 0.5 ml of TEA, and 
immediately lyophilized. The solid residue is the resul- 
tant BB peptide, HO-gly-2- 12-1-1 3-5-1 1-14-2- 12-13- 
NH2, as the triethylammonium salts of the anionic resi- 
dues 5, 12 and 14. Final purification is achieved by 
HPLC, typically xising an Altech/Beckman Ultrasphere 
ODS colunm, operated with a 240 nm uv detector, 
eluted with 50:50 v:v CH3CN:H20, with O.IM HOAcA 
TEA buffer, pH 4.5. The purified BB peptide is recov- 
ered by lophilization of peptide-rich eluate, which also 
removes the volatile buffer, and stored at —30' C. 
Yields are about 80% of purified peptide (ra.w,, 3588 
daltons), as the tetra]ds(triethylammonium) salt 

(c) Synthesis of 50-residue peptide. 



Stq> 


Reagent 


Vol (ml) 


Tune (min) 


1 


DCM wash{x3) 


IS 


1.5 


2 


TFA/DCM/indoIe 


15 


1.5 


3 


TFA/DCM/mdoIe 


15 


30 


4 


DCM wash (X6) 


15 


1.5 


5 


TEA/DCM 


15 


1.5 


6 


TEA/DCM 


15 


1.5 


7 


DCM wash (x6) 


15 


1.5 


8 


45h/DCM 


15 


120 


9 


DCM wash (X6) 


15 


1.5 


10 


BB peptide/DCM 


15 


180 


U 


DCM wash (X6) 


15 


1.5 


12 


DCC/DCM 


1.5 


1.5 


13 


45aylX:M 


15 


180 


14 


DCM wash (X6) 


15 


1.5 
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The reaction flask of the peptide synthesizer is ing within the generic scope of the invention. The pep- 
charged with 0.5 g (0.2 meq) of [PJ— O— Bal— BOC. tide chains can be grown by addition of individual resi- 
The BB peptide is prepared as a 0.027M solution in dues, short oligopeptide sequences, or longer oligopep- 
DCM, such that 15 ml of the solution contains 1.44 g tides, optionally linked with Weld sequence-type resi- 
(0.4 nunol) of the peptide. Diacid 45 is converted to the 5 dues. The type of polymer iUustrated by this Example, 
corresponding diamme. 45a, by conventional Schmidt containing mostiy polypeptide chains, optionally linked 
degradauon, and thence to the correspondmg bis- by a minor proportion of urethane or thiocarbamate 
isocyanate, 45b. with phosgene. Th^ are supplied to junctions, represents a subclass of polymeric conjugate 
the pepddesynthe^^^^ as O.IM solutions m DCM. and fo^^rs according to the invention generally referred to 
^^^^1 supphed as m part (a) hereof, lo as "predcminantiy polypeptide". 
The Weld sequence is effected on the esterified resm as ^ ir r 
follows: EXAMPLE 2 

Production of Boron-Loaded Antibody Conjugate 

1 5 A sample of NP-2 murine monoclonal anti-CEA IgG 
(U.S. Ser. No. 609,607) is reacted with a threefold molar 
excess of capped Large Peptide, prepared according to 
Example 1(c) hereof, in a buffered aqueous solution, at 
pH 6 (phosphate buffer). The pH is raised to 7.5 by 
20 cautious addition of NaOH, preferably using a pH 
meter and/or pH-Stat The reaction is allowed to pro- 
ceed overnight, at 0" C. The resultant conjugate is freed 
of unreacted Large Peptide by brief passage through a 
sizing column, e.g., PD-10 Sephadex G-25, pre-equili- 
25 brated with 1% normal human serum albumin in phos- 
phate-buffered saline (PBS), and eluted with the same 
medium. 

The foregoing Weld sequence results in attachment recovered conjugate is stored as a sterile solution 

of a bis-isocyanate Imker to the resin, to which the containmg, per ml: 

glycyl-BB peptide is then bound through another ure- ^« Albumin (HSA) (1%. USP, 

thane linkage. The free carix)xyl terminus of the BB . . «- r,, . . . 

peptide is then condensed with one amine of a diamine phosphate buffer, pH7.5 (Bioware) 

linker, preparatory to iteration of steps 8-14 of the Weld Nad 

sequence with another portion of BB peptide solution to "8 conjugate 

attach another glycyl-decapeptide to the resin-bound EXAMPLE 3 

chain. Three more iterations of steps 8-14 of the Weld 

sequence are performed to grow a urethane-bridge 50- Production of Radioiodinated Boron/Antibody 

residue cham on the resin, incorporating 5 BB peptide Conjugate 
segments. Th^ capped Large Peptide prepared according to 

The resultant Large Peptide is capped with a selec- ^ Example 1(c) hereof is radioiodinated by reaction with 
ttve sequentional bifunctional linker, e.g., bis(p-isdthi- CA-T, at 0" C, using carrier-free Nai^ij (Amersham- 
ocyanato)ben20ic anhydride (IBA). The latter com- Searle), by the procedure of Example 1(0 of U.S. Pat; 
^^i^-^^f^ by reacting p-isothiocyanatobenzoic No.4,348,376, except that the amount of capped Large 
acid (Fau^eld Chemical Co.. Blythewood, S.C.) with peptide per mCi of i^^I is adjusted so that iodination 
an excess of thionyl chlonde in benzene. azeotropicaUy results in introduction of about 1-10 iodine atoms per 
rcmovmg water e g., with a Dean-Stark trap, cooling Large Peptide. Iodination occurs substantially only on 
r«ultant soluuon. and coOectmg the c^talline the carborange anions, of which there are 20 per Large 
Sti f ^ "^F^l f ^? "^^^ P^tide. The product can be freed of iodination by-prt 

0.1M wlutton of IBA anhydnde to the resm-boimd ^ucts by wasLg on a lOK-pass Millipore filter, u^ing 
l^mir ^'"^ -"^^"^^ 0.01M phosphate buffer at pH 6. The final con^entra- 

1^2Zi?^^T^ p"" nf^^^ ^on of iodLted Large Peptide should be about I 

and the capped Large Peptide IS cleaved from the resin mtt/mL 

under the HF cleavage conditions of part (b) hereof, ^ j-.jt d^j- .j. ^ 

using proportionaUy smaUer amounts of i^Lxl Se ^ V"^ Pepdde b conjugated to anb- 

combiied HOAC ^tracts from the clea " body accordmg to the procedure of Example 2. and the 

lyphilized. and the resultant capped peptidi is fother ''"^^ "'Z''*''^^ -^^ r^l^^^ 

purified by HPLC antibody and a specific activity of about 100 uCi/ug, is 

The product contains 580 boron atoms per molecule, ^^^^J,^^ ''^""^ !°??^ ^ i ^ 

has a molecular weight of about 22.000 Daltons, and is J' ^ ^ appreciated that radioiodmation can also be 
represented by the condensed structure ^ effected with for production of antibody conju- 

gates for in vitro or in vivo (i.e., normally animal) stud- 
HOocCH2CH2NH(CONH45b>fHCONH— B- with ^231^ for radioimmunodetection or other 

B— C0NH45aNH)5CX>PhNCS. uses. Similarly, it will be appreciated that the many 

other antibodies and antibody fragments which specifi- 
It will be appreciated that many other combinations 65 cally bind markers produced by or associated with tu- 
of amino acids disclosed herein can be prepared by mors or pathological lesions, disclosed in the above- 
minor and conventional modifications of the foregoing referenced patents and patent applications, as well as 
procedures, to produce a broad array of polymers fall- those known to the art and those yet to be discovered. 
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can all be conjugated to predominantly polypeptide 
polymers according to the invention. 

The resultant conjugates include conjugates contain- 
mg large numbers of boron atoms and/or, in the case 
where other diagnostically or therapeutically useful 
addends are bound to side chains of the polypeptide, 
conjugates containing chelates of radiometal ions or of 
paramagnetic metal ions (optionally high loadings, e.g., 
of paramagnetic ions for magnetic resonance image 
enhancement, or of radioisotopes for therapy), conju- 
gates containing drugs or toxins, conjugates containing 
markers useful for in vitro assays (e.g., fluorescent 
groups, enzymes, chromophores and/or chromogens, 
and the like), conjugates containing photosensitizers, 
and the like. 
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EXAMPLE 4 
Production of Boron-Loaded Antibody Conjugate 

The BB peptide prepared according to Example 1 
hereof, as its tetrakis(triethylammonium) salt^ is dis- 
solved in 50% by volume aqueous methanol and passed 
through a short column of sodium-loaded Dowex 50 
cation exchange resin, to produce the sodium salt The 
methanol is taken off under aspirator pressure, 0.02M 
phosphate buffer is added, to adjust the pH to 8.5, with 
cautious addition of NaOH if necessary, and the resul- 
tant solution, containing about 1 mg/ml of peptide, is 
treated with a tenfold molar excess of IB A, as a IM 
solution in benzene, in the presence of 0.1 g Et4NI as a 
phase transfer agent The mixture is vigorously agitated 
at room temperature for 1 hr., and the benzene layer is 
then separated and discarded. The aqueous layer is 
filtered through a IK-pass Millipore fUter to remove 
small soluble impiuities, and the residue is redissolved at 
1 mg/ml, in 0.0 IM phosphate buffer, pH 6.5, at 0* C. 

The resultant isothiocyanate-capped BB peptide is 
radioiodinated with Na ^^I, according to the procedure 
of Example 3 hereof, except that the capped Large 
Peptide is replace by capped BB peptide. Conditions are 
adjusted so that 1-4 iodine atoms per BB peptide are 
introduced (substantially only on carborane anions). 
The resultant bbeled peptide, optionally further puri- 
Hed by Millipore filtration or column gel chromatogra- 
phy, is reacted with anti-CEA monoclonal antibody 
according to the procedure of Example 3 hereof, except 
that a tenfold excess of labeled capped BB peptide is 
used, and the resultant conjugate contains an average of 
about 5 peptide addends per antibody. 

The conjugate is produced in a yield of about 
70-80%, with an inununoreactivity of at least about 
85% of that of the uiitial antibody. It is purified and 
stored analogously to the conjugates of Examples 2 and 

EXAMPLE 5 55 

Synthesis of "Nylon-66-type" polyamide 

A 21-residuc polyamide, with alternating orientations 
of the amide linkage, produced by condensation of 
homodifunctibnal diamines and dicarboxylates or 60 
diacylium components, is constructed using the auto- 
mated peptide synthesizer and a solid phase resin sup- 
port, but with a simplified condensation sequence 
which obviates the need for protecting groups/depro- 
tectipn steps in the chain building process. The polyam- 65 
ide is chosen so that it has short hydrophilic (anionic) 
and short hydrophobic (carborane) segments inter- 
spersed with one another. 



The constituent residues are: diacid 45; related di- 
amine 45a; the carborane anion corresponding to 45a 
produced by treatment thereof with base, viz., 
H2N(CH2)3— {UB— }— (CH2)3NH2, denoted 45c; and 
diacylium compound 46. They are supplied to the reac- 
tion system as 0.1 M solutions in DCM. DCC is supplied 
as a IM solution in DCM. TFA is supplied as a 1:3 v:v 
TFAiDCM mixture with 1 mg/ml indole added. TEA 
is supplied as a 1:9 v:v reagent grade TFA-DCM solu- 
tion, except when used to liberate a free amine group in 
a coupling step, in which case it is supplied as a IM 
solution in DCM and denoted IM TEA. 

A 2 g quantity of esterified Merrified resin, [P]— O — 
gly— BOC, as in Example 1 hereof, is charged to the 
reaction vessel of a peptide synthesizer. The following 
sequence of steps is effected to produce the polyamide: 



50 



Step 


Reagent 


Vol (ml) 


Time (min) 


1 


DCM wash (X 3) 


30 


1.5 


2 


TFA/DCM/indole 


30 


1.5 


3 


TFA/DCM/indole 


30 


30 


4 


DCM wash (X6)" 


30 


1.5 


5 


TEA/DCM 


30 


1.5 


6 


TEA/DCM 


30 


1.5 


7 


DCM wash (x6) 


30 


1.5 


8A 


45/DCM 


20 


1.5 


8B 


DCC/DCM 


2 


120 


9 


DCM wash Cx3) 


30 


1.5 


lOA 


45C/DCM 


20 


1.5 


lOB 


DCC/DCM 


2 


120 


U 


DCM wash (x3) 


30 


1.5 


12 


TEA/DCM 


30 


1.5 


13 


DCM wash (X3) 


30 


1.5 


14A 


45/DCM 


20 


1.5 


14B 


DCC/DCM 


2 


120 


IS 


DCM wash (X 3) 


30 


1.5 


16A 


45C/DCM 


20 


1.5 


16B 


DCC/DCM 


20 


120 


17 


DCM wash (X 3) 


30 


1.5 


ISA 


46/DCM 


20 


1.5 


18B 


IMTEA 


8 


120 


19 


DC wash (X3) 


30 


1.5 


20A 


45a/DCM 


20 


1.5 


20B 


IMTEA 


. 8 


1.5 


20C 


DCC/DCM 


2 


120 


21 


DCM wash (X 3) 


30 


1.5 



Repeat steps 14A. 14B and 15 (add 45). 
Repeat steps 20A, 20B. 20C and 21 (add 45a). 
Repeat steps 18A, 18B and 19 (add 46). 
Repeat steps lOA through 19 (add 45c-45-45c-46). 
Repeat steps 20 A, 20B. 20C and 21 (add 45a). 
Repc^ steps 14A, 14B and IS (add 45). 
Repeat steps 20A, 20B^ 20C and 21 (add 45a). 
Repeat steps tSA, 18B and 19 (add 46). 
Repeat steps 10A» lOB and 11 (add 4Sc). 
Repeat steps 14A. 14B and IS (add 43). 
Repeat steps 20A. 20B, 20C and 21 (add 45a). 



Upon completion of the polyamide assembly se- 
quence, the cations associated with the anionic residues 
are converted to lithium ions by treatment of the resin- 
bound polymer with 100 ml of O.IM LiOOCCFs m 
DCM, the treatment being repeated twice more, fol- 
lowed by 3X30 ml DCM washes for 1.5 min each. 
Next, the resin beads are dried in a stream of dry nitro- 
gen, and suspended in 30 ml of dry, peroxide-free tetra- 
hydrofuran (THF). After swelling of the beads is com- 
plete, 4 mmol (106 mg) of LiBH4 are added in small 
portions to the stirred resin suspension, and stirring is 
continued at 25" C. for about 1 hr. The polyamide is 
thereby cleaved from the resin under mild conditions, as 
the terminal alcohol (reduction of the ester-resin linkage 
to CH2OH). This precaution is taken to avoid cleavage 
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of the somewhat labile amide linkages to residue 46, 
which can revert to acylium groups if subjected to 
strong acid conditions such as the HF or TFA used to 
cleave protecting groups or ester-resin bonds. 

Addition of 1 ml of glacial HOAc destroys excess 
borohydride, and the resin is then extracted with 6x 15 
ml portions of glacial HOAc. The combined extracts 
and the THF filtrate are lyophilized. The recovered 
Li+ polyamide is dissolved in 50 ml (O.IM) phosphate 
buffer, pH 8, and shaken vigorously at 0* C. with a 
tenfold molar excess of IBA, supplied as a IM solution 
in benzene, in the presence of 0.1 g of Et4NI as a phase 
transsfer agent After 1 hr, the aqueous capped polyam- 
ide phase is separated and concentrated to 20 ml by 
Nficropore filtration. A 50 ml portion of O.IM phos- 
phate buffer, pH 7.5, is added, and the solution is again 
concentrated to 20 ml, whereby the cations associated 
with the anionic residues are exchanged for Na+ ions. 
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EXAMPLE 6 
Production of Antibody Conjugates 

(a) The capped polyamide produced according to 
Example 5 hereof is conjugated to a F(ab')2 fragment 
from affinity purified goat anti-CEA (produced accord- 
ing to Example 1 of U.S. Pat No. 4,331,647). The con- 
jugation reaction is effected using the procedure of 
Example 2 hereof, with a fivefold molar excess of 
capped polyamide over antibody fragment The resul- 
tant conjugate has an average of 2.5 polyamide addends 
per antibody fragment. Purified conjugate can be stored 
as a lyophOizate or in steile solution, analogously to 
Example 2. 

(b) The capped polyamide can be radioiodinated 
prior to conjugation, using ^e procedure of Example 3 
hereof, to introduce up to 5 atoms per polyamide 
chain, thus, up to about 12.5 ^^ii atoms per fragment 
molecule after conjugation under conditions which 
introduce about 2.5 iodopolyamides per antibody frag- 
ment 

It will be appreciated that other antibodies and other 40 
fragments can be used instead of those illustrated herein, 
e.g., antibodies to AFP, HGG or its beta-subunit, 
CS Ap, PAP, other tumor-associated markers and path- 
ological lesion-associated markers. Other diacidA 
diacylium and diamine residues can be used in the poly- 
amide assembly sequence, taken from the other repre- 
sentative classes and types disclosed hereinabove, and 
obvious variants thereof. It is also possible to use resi- 
dues which need not contain boron, and which carry 
other addends of diagnostic or therapeutic interest, as 
noted hereinabove. 



lysine protecting groups are cleaved, and polyurea 
branches are grown and capped with a thiourea. Fi- 
nally, the temporary amine cap is removed and the 
polymer is cleaved from the resin. A linker is used to 
5 cap the free polymer, after which it is optionally iodi- 
nated and conjugated to antibody. 

Residues used for this sequence include: amino acids 
11, 12 and 14, each in the form of its Bpoc derivative 
prepared by conventional procedures, and supplied as 
10 O.IM solutions in DCM; alpha-Bpoc-epsilon-BOC-L- 
lysine Et4N salt (Chemical Dynamics Corp., South 
Plainfield. NJ.), also as a O.IM solution in DCM; di- 
amine 45c, as its inner salt (zwitterion of protonated 
amine and carborane anion), as a O.IM solution in 
DCM; zwitterionic diamine 45c-ClZ (o-chioroben- 
zyloxycarbonyl protecting group on the unprotected 
amine of 45c (prepared from 45c and o-chlorobenzyl 
chloroformate, by standard S-Y procedures), as a O.IM 
solution in DCM; metallocarborane diamine 47, as its 
neutral inner salt, as a O.IM solution in DCM; diisocya- 
nate 45b, as a O.IM solution m DCM; isocyanate 46, as 
a 0.2M solution in DCM; and isothiocyanate 16, as a 
0.2M solution in DCM. The Bpoc-protected reagents 
are stored at dry ice/ethanol bath temperature and al- 
lowed to warm to room temperature only when intro- 
duced mto the synthesizer reaction vessel, TEA and 
TFA are supplied as in Example 1(a) .hereof, the latter 
solution being denoted herein as TFA (cone). A TFA 
(dil.) solution is also used, which contains 0.2% by 
volume TFA m DCM, with the same amount of added 
indole. 

A 2 g (0.8 meq) sample of esterified Merrifield resm, 
[P]-0-gly-BOC, as in Example 1 hereof, is charged to 
the reaction vessel of a peptide synthesizer. The foUow- 
mg sequence of steps is effected to produce the 
branched poly(amide/urea): 
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EXAMPLE 7 

Synthesis of Branched Poly(amide/urea/thiourea) 

A hybrid polymer is prepared, having amide, urea 55 
and thiourea linkages, and illustrating a chain branching 
option using selectively protected lysine. The resultant 
polymer also contains metallocarborane residues and 
casUy iodinatcd residues. Two terminal amino protect- 
ing groups are used, BOC and Bpoc, having widely 60 
different acid lability. The Bpoc group can be cleaved 
in 0.2% TFA/DCM, the BOC group being about 
120,000 times less reactive imder those conditions. The 
BOC group requires concentrated TFA/DCM for 
cleavage. The synthesis proceeds by construction of a 65 
linear portion containing epsilon-BOC-protected lysine 
residues, onto which is built a polyurea segment having 
a temporarily capped terminal amine residue. Next, the 



Step 


Reagent 


Vol (ml) 


Time (min) 


1 


DCM wash (X 3) 


30 


1.5 


2 


TFA (cone.) 


30 


1-5 


3 


TFA (cone.) 


30 


30 


4 


DCM wash (X 6) 


30 


1.5 


5 


TEA/DCM 


30 


1.5 


6 


TEA/DCM 


30 


1.5 


7 


DCM wash (X 6) 


30 


1.5 


8A 


Bpoc-aa/DCM (11 Bpoc) 


20 


1.5 


8B 


DCC/DCM 


2 


120* 


9 


DCM wash (X6) 


30 


1.5 


10 


TFA(diL) 


30 


1.5 


11 


TFA (diL) 


30 


30 


12 


DCM wash (X 6) 


30 


1.5 


13 


TEA/DCM 


30 


1.5 


14 


TEA/DCM 


30 


1.5 


15 


DCM wash (X 6) 


30 


1.5 



16 Repeat steps 8A through 15 ten more times* 
using as Bpoc-aa In step 8A, respectively, 
U-Bpoc. BOC— lys— Bpoc, U-Bpoc, 12-Bpoc. 
BOC— lys— Bpoc. ll-Bpoc, 12-Bpoc. BOC— lys— Bpoc 
U-Bpoc. 14-Bpoa 



17 


45b/DCM 


20 


120 


18 


DCM wash (X 6) 


30 


1.5 


19A 


, 45cyT)CM 


20 


1.5 


19B 


TEA/DCM 


8 


120 


20 


DCM wash (X6) 


30 


1.5 


21 


45b/DCM 


20 


120 


22 


DCM wash (X6) 


30 


1.5 


23A 


4Sc-aZ/DCM 


20 


1.5 


23B 


TEA/DCM 


8 


120 


24 


DCM wash (X6) 


30 


1.5 


25 


TFA(conc.) 


30 


1.5 


26 


TFA(conc.) 


30 


30 


27 


DCM wash (X 6) 


30 


1.5 


28 


TEA/DCM 


30 


1.5 



35 

-continued 
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c* 

otcp 




vol (ml) 


Time (min) 


29 


TEA/DCM 


30 


1.5 


30 


DCM wash (X 6) 


30 


1.5 


31 


45b/DCM 


60 


120 


32 


DCM wash (X6) 


30 


1.5 


33A 


45C/DCM 


60 


1.5 


33B 


TEA/DCM 


24 


120 


J4 


rv*\jf ■KA^t* 
UCM wasil (Xo) 


30 


1.5 


35 


45b/DCM 


60 


120 


36 


DCM wash (X 6) 


30 


1.5 


37A 


47/DCM 


60 


1.5 


37B 


TEA/DCM 


24 


120 


38 


DCM wash(x6) 


30 


1.5 


39 


16/DCM 


50 


120 


40 


DCM wash (X6) 


30 


1.5 



10 



15 



*Each coupling reaction is monitored after about 120 min. reaction, by withdrawal 
of a small ponion of resin, which is subjected to the Kaiser ninhydiin qualitative 
color test A blue color signifies incomplete coupling, and requires repeating steps 
4-8, with a 160 min. coupling time. 

Following step 40, the resin is dried under a stream of 
dry nitrogen, transfered to the liquid HF reactor, and 
cleaved with 40 mi of liquid HF containing 4 ml of 
anisole, at 0* C for 45 min. This removes the dZ pro- 
tecting group from the terminal amine on the main 
chain and cleaves the resin-polymer ester bond, liberat- 
ing the C-tenninal carboxylate. The resin is then 
worked up and the poly(amide/urea) recovered and 
purified as in Example 1(b) hereof. The HLPC-purified 
polymer, as its EtsNH salt, is lyophilized and stored at 
-30* C, 

It will be of interest to note that the chromophore in 
residues derived from 47 permits determination of con- 
centration by visible spectroscopy, while the phenyl- 
thiourea group derived from capping with 16 permits 
uv monitoring. 

The resultant polymer has the schematic structure; 
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EXAMPLE 9 
Synthesis of a Chelate-Loaded Polythiourea 

A polythiourea is prepared, using chain branching 
groups as a means of functional group amplification. In 
this example, the highly branched chains are capped 
with diethylenetriaminepentaacetate (DTPA) chela- 
tors. Several readily iodinated carborane anion-contain- 
ing residues are also included, which can facilitate dual 
tracer studies comparing the relative stabilities of radio- 
iodine and radiometal in antibody conjugates. The na- 
ture of the chelator-loaded polythiourea is such that the 
metal ion can be incorporated prior to conjugation of 
the polymer with antibody, thereby avoiding many 
problems of current radiolabeling methods. 

The synthesis uses as the chain splitter 3,5- 
diaminobenzoic acid, with both amino groups con- 
verted to their BOC-beta-alanyl amide derivatives. This 
species is made by conventional reaction of the 3,5- 
diaminobenzoic acid starting material with an excess of 
BOC-beta-alanine N-hydroxysuccinimide ester, which 
in turn is prepared from BOC-beta-alanine U.S. Bio- 
chemical Corp., Cleveland, OH.) and N-hydroxysuc- 
cmimide, with DCC/DMF at 0* C. The chain splitter is 
denoted CS(BOC)2. A variant of this structure is made 
as a point for attaching a final capping function. This is 
the mixed diamine of 3,5-diaminobenzoic acid with 
BOC-beta-alanine and ClZ-beta-alanine, denoted 
CS(BOC)(ClZ), and prepared by reactmg 3,5- 
diaminobenzoic acid wi^ a mixture of BOC-beta-ala- 
nine N-hydroxysuccinimide ester and ClZ-beta-alanine 
N-hydroxysuccinimide ester [made from ClZ-beta-ala- 
nine (U.S. Biochem). and HOSu, as above]. These are 
supplied to the reaction as O.IM solutions in DCM. 

Diisothiocyanate 45d is prepared from diamine 45a, 



HOOCgly— n-l2-ly8- 
NH 
CO 

NH45bNH 
CO 



11-12-Iys- 



NH 
CO 

NH45bNH 
CO 



-n.l2-Iys- 



NH45cNH 
CO 

NH45bNH 
CO 

NH47NH 
CS 

NHI6 



NH 
CO 

NH45bNH 
CO 



- 1 M4-(45b-*5c)2— NH2 



NH45cNH 
CO 

NH45bNH 
CO 

NH47NH 
CS 
NH16 



NH45cNH 
CO 

NH45bNH 
CO 

NH47NH 
CS 

NH16 



The polymer b capped with IB A by the procedure of 
Example 5 hereof, at close to 0" C, and optionally iodi- 
nated on the carborane anion residues by the procedure 
of Example 3 hereof. 
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EXAMPLES 

Production of Antibody Conjugates 

the capped polymer produced in Example 7 hereof is 
conjugated to whole IgG or F(ab')2 fragments which 
specifically bind tumor or lesion markers,*according to 60 
the procedures of Examples 2, 3, or 6 hereof. Alterna- 
tively, conjugation to a hybrid fragment having one arm 
which binds AFP and one which binds HCG (prepared 
according to Example 2(b) of U.S. Pat No. 4,331,647) is 
effected by the procedure of Example 6 hereof, except 65 
that the hybrid fragment is used instead of the anti-CEA 
F(ab')2* The iodinated conjugates are stored analo- 
gously to Example 3 hereof. 



as described hereinabove, and provided as a O.IM solu- 
tion in DCM. Diamme 45c is provided as an inner salt, 
as a O.IM solution in DCM. Diamine 45a is provided as 
its TFA salt, as a O.IM solution in DCM. TEA, TFA 
and Dec are supplied as in Example 1(a) hereof. 

A 2 g (0,8 meq) sample of esterified Merrifield resin, 
[P]-0-gly-BOC, as in Example 1 hereof, is charged to 
the reaction vessel of a peptide synthesizer. The follow- 
mg sequence of steps is effected to produce the 
branched polythiourea: 



Step 


Reagent 


Vol (ml) 


Time (min) 


1 


DCM wash (X3) 


30 


1.5 


2 


TFA (cotic.) 


30 


1.5 


3 


TFA (cone.) 


30 


30 


4 


DC wash (X 6) 


30 


1.5 


5 


TEA/DCM 


30 


1.5 


6 


TEA/DCM 


30 


1,5 


7 


DCM wash (X 6) 


30 


1.5 


8A 


CS(BOCXCIZ) 


20 


1.5 
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-continued EXAMPLE 10 

Production of Chelate-Loaded Antibody Conjugates 

The capped polymer produced in Example 9 hereof, 
either iodinated or not, and carrying a radiometal or a 
paramagnetic ion, is conjugated to whole IgG or 
F{ab')2 fragments which specifically bind tumor or le- 
sion markers, according to the procedures of Examples 
jQ 2, 3, or 6 hereof. Alternatively, conjugation to a hybrid 
fragment having one arm which binds AFP and one 
which binds HCG (prepared according to Example 2(b) 
of U.S. Pat. No. 4,331,647) is effected by the procedure 
of Example 6 hereof, except that the hybrid fragment is 
j5 used instead of the anti-CEA F(ab')2. The conjugates 
are stored analogously to Example 3 hereof. 

EXAMPLE 11 

Production of Highly Chelate-Loaded Polymer 

20 Amplification of the chelate loading achieved in Ex- 
amples 9 and 10 hereof can readily be achieved using 
the same components, but combining the steps. Thus, 
the capped polythiourea produced in Example 9 hereof 
can be substituted for the Meares DTPN-NCS after the 
25 last iteration of the branching sequence, to load each of 
the eight terminal amines with eight chelates, rather 
than just one, resulting in 64 chelate groups on the 
resin-bound polymer prior to cleavage and final cap- 
After completion of step 79, eight polythiourea ping with IBA. Several of these 64-chelate addends can 
chains have been elaborated in a tree-like configuration be conjugated to antibody, after loading with radiom- 
stemming firom one of the two amine functions on the or paramagnetic ions, either with or without • 

initial chain splitter, viz., the one with the BOC-beta- iodination of the reactive carborane anion groups. It 
alanyl amide. The remaining amine is preserved as the will be appreciated that further iterations of the se- 
ClZ-beta-alanyl amide, which survives the conditions q^ence and/or further branching of the chains can be 
used up to this point The eight terminal amine func- effected to increase the amplification. More highly 
tions are now capped with branched chain spUtters can also be used, as disclosed 

(HOOCCH2)2NCH(CH2C6H4NCS)CH2N- ^^^''^ '^^^'.^ u . r 

(COOH)CH2CH2N(CH2CCX)H)2, as the dry sodimn AnuT^ody fragments, espe^^^^ and Fab frag- 

salt. 12 mmol/50 ml dry dimethylformamide (DMF), 40 t>e linked to b^^^^^ 

J . X . ^ ^ • t.. lates, through thioether linkages to a pair of haloamide 

used m excess, at room temperatui^^^^ caps, or through. e.g.. urea or thiourea linkages to a pair 

o^amtobenzyl-DTPA (DTPA-NCS) ^ d^nb^ by of^cyanate or isolhiocyanate caps. Bivalent polyi^ers 

Chang et al ApphcatiOM ofNuclear and Radiochem- ^ p„pared. e.g.. by using a BOC/ClZ-lysine 

Mtry- . Lambrecht et al. Ed.. Chap. 10 (Pergamon Press, residue, terminating the chain with an amine, cleaving 

New York, NY. 1982). The resin is freed of DCM and 45 jjj, reacting the Uberated epsUon-NHi and 

swelled with DMF prior to reaction with the DTPA- the terminal amme with IBA. Many other variants will 

NCS. Following the capping reaction, the resin is beapparent to the skilled artisan, in light of the copious 

washed with 6x30 ml of DMF, and then washed. disclosure hereinabove, 
swollen and washed again with 6 X 30 ml of DCM. The 
resin is then dried under a stream of dry nitrogen and 



Step 


Reagent 


Vol (ml) 


Tune (min) 


SB 




2 


120 


9 


nPM unuh rv£^ 


30 


1.5 


in 




30 


1 < 


11 




30 




1*? 


nrn^ u/a«h 


■^n 
j\f 


1 s 


u 




30 


1.5 


14 




30 


1.5 


15 


DCM wash ('x€\ 


30 


\JS 


16 


43d/DCM 


20 


120 


17 


DCM wash fyft 


30 


1.5 


18 A 




20 


1.5 


18B 




g 


120 


19 


DCM wash fv61 


30 


1.5 


20 


45d/DCM 


20 


120 


21 


DCM wash (X6) 


30 


1.5 


22A 


43a/DCM 


20 


1.5 


228 


IMTEA/DCM 


8 


120 


23 


DCM wash (X 6) 


30 


1.5 


24 A 


CSCBOCh 


20 


1.5 


24B 


DCC/DCM 


2 


120 


25 


DCM wash (X6) 


30 


1.5 


26-31 


Repeat steps 2-7 






32-47 


Repeat steps 16-31, using doubled amounts of 




reagents 






48^ 


Repeat steps 16-31, using quadrupled amounts of 




reagents 






64-79 


Repeat steps 1-31, using octupled amounts of 




reagents 
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treated with 100 ml of liquid HF containing 10 ml of Neutron Activated Tumor Radiotherapy 
anisole,atO-C forlhr.Tte ^^^^^^ ^ U.S. Pat. No. 
mg group from the second amme on the cham sphtter ^^343 ^^^^^ ^ ^ i^.^^^^^ ^ 
and cleaves the resin-polymer ester bond, hberahng the ^^^^^ ^ radioiodinated. boron-loaded anti-CEA 
C-termmal carboxylate. The resm is then worked up antibody, scanning with a gamma camera to locate the 
^ the polythiourc^ is recovered and purified as m ^j^e or sites of uptake of the labeled antibody, and then 
Example 1(b) hereof. The HLPC-punfied polymer, as directing a beam of thermal neutrons at the tumor site, 
its Et3NH salt, is lyophilized and stored at -30' C The present example differs from that in the referenced 
The polymer is capped with IBA by the procedure of patent by substitution of the conjugate prepared accord- 
Example 5 hereof, at close to O" C. and optionally iodi- ing to Example 3 hereof for the conjugate used in the 
nated on the carborane anion residues by the procedure reference. This offers the advantage that a much higher 
of Example 3 hereof. The capped polythiourea, either boron loading is achieved, both because of the use 
radioiodinated or not, is incubated with an excess of herein of 96% Boron-10 starting materials, and because 
cither a radiometal, e.g., 67GaCl3. "^InCh, ^Cb. 65 580 boron atoms per antibody are carried to the tumor 
SnCh-reduced 59mxc04— , or the like, under standard site. Injection of 0.9 mg of conjugate, preferably as 
conditions, to chelate the radiometals, or with paramag- three injections of 300 ng each, spaced 3-6 hrs apart, 
netic ions, e.g., solutions of GdCh. EuCb, or the like. will carry about 1.22 ug of Boron-10 to a 1 g tumor. 
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even if only 4% of the injected antibody is localized in 4. The modified antibody or antibody fragment of 

the tumor. This is within the therapeutic range of 1-30 claim 1, wherein said synthetic sequenced polymer is a 

ug ^^B/g tumor which is considered adequate for this polythiourea. 

therapy. 5. The modified antibody or antibody fragment of 
It will be appreciated that the boron-loaded conju- 5 claim 1, wherein said ligand is a marker which is pro- 
gates disclosed in the other Examples herein can also be duced by or associated with a tumor or a pathological 
used for analogous therapeutic treatments such as those lesion. 

disclosed in the other herein referenced Goldenberg 6. The modified antibody or antibody fragment of 

patents and patent applications. Highly radiolabeled claim 3, containing 5G-2000 boron atoms per antibody/- 

conjugates can also be used for therapy, according to 10 fragment. 

the teachings of the referenced patents and patent appli- 7, xhe modified antibody or antibody fragment of 

cations, or according to art-recognized methods of oth- claim 6, containing 200-2000 boron atoms per antibody 

ers in this field. or antibody fragment 

EXAMPLE 13 1^ ^* ^® modified antibody or antibody fragment of 

claim 7, wherein said boron atoms are about 96% en- 

Radioimmunodetection of Tumors and Lesions ^ched with Boron-10 isotope. 

Tumor localization is effected according to the pro- 9. The modified antibody or antibody fragment of 

cedure of Example 7 of U.S. Pat No. 4,361,544, except claim 2, wherein said polyamide is formed of condensed 

that the labeled antibody is the radioiodinated conju- amino acids a major portion of which contain boron 

gate of Example 6(b) hereof, the antibody being an cage structures. 

anti-HCG affmity-purified goat IgG or a monoclonal 10. The modified antibody or antibody fragment of 

anti-HCG IgG. Imaging resxilts are comparable. Alter- claim 9, wherein said condensed amino acids are natural 

natively, 67Ga-labcled antibody prepared accordmg to amino acids or their enantiomers having pendant amine, 

the procedures of Examples 9 and 10 hereof, using anti- 25 hydroxyl, carboxyl or thio groups to which are bound 

CEA IgG, and i^^In-labeled irrelevant IgG can be used at least one carborane-containing group, 

in place of the specific and irrelevant IgGs of Example H. The modified antibody or antibody fragment of 

10 of U.S. Pat. No. 4,444,744 to achieve imaging of claim 9, wherein said condensed amino acids are se- 

colorectal tumors with high resolution. lected from those having the formulas 

Example 2 of U.S. Sen No. 633,999, U.S. Pat No. 3Q 

4,624,846, can be effected using the conjugate accord- 

ing to Example 3 herein, except that the antibody is the H-{DB}-C6H4NHC(S)NH(CH:)4CH(NH2)COOH l 

saj.en,urinemon<.lonalanti-HSV-lF(ab'hinthe SlgglgSSSS^SS?" I 

reference example. Results are comparable. H— {DB}— C6H4NHCXOKCH2CH(NH2)cooh 4 

The preceding examples can be repeated with similar 35 M+ h--{xjb— }— C6H4NHC(S)NH(CH2)4CH(NH2)C00H 5 

success by substituting the generically or specifically M+ H— {ub-}-C6H4NHC(S)NH(CH2)4CH(NH2)COOH 6 

described reactants and/or operating conditions of this ^iSeJ^l^fS^^ 8 

invention for those used m the preceding examples, H-{DB}I(aS3S(Ci32CHaS2)ccx^ 9 

From the foregoing description, one skilled in the art h— {db}— (CH2)30C6H4CH2CH(NH2)cooh 10 

can easily ascertain the essential characteristics of this 40 H— {db}— (CH2)3CH(nH2)CCK>h u 

invention and, without departing from the spirit and H— {UB-}— {CH2)4CH(NH2)C00H u 

scope thereof, can make various changes and modifica- m+ ScSh-^ \l 

tions of the invention to adapt it to various usages and — ——————— 

conditions. 

What is claimed is: 45 wherein {DB} is a dicarba-closo-dodecaborane group; 

1. A modified antibody or antibody fragment, consist- {UB— } is a dicarba-nido-undecaborane anionic group; 
ing essentially of: {lUB — } is an iodo-dicarba-nido-undecaborane 

(1) at least one hypervariable region which specifi- anionic group having one vertex of the {UB— } group 
cally binds a ligand such that the formation of the replaced by a BI in the cage structure; and M+ repre- 
resultant immunological complex is of diagnostic 50 equivalent of an alkali metal, an alkali earth 
or therapeutic utility; and metal or a quaternary ammonium cation. 

(2) at least one defmed, substantially homogeneous 12. In a method of tumor or pathological lesion radio- 
synthetic sequenced polymer whose constituent therapy, which comprises injecting a human subject 
residues are linked by amide or urea or thiourea parenterally with an antibody or antibody fragment 
linkages or a combination thereof, and which in- 55 which specifically binds a marker produced by or asso- 
corporates residues containing a plurality of Bo- ciatcd with said tumor or lesion and which is conju- 
ron-10 atoms; gated to an addend comprising a plurality of atoms of 

wherein said synthetic sequenced polymer is chemi- Boron-10 isotope, permitting said antibody or antibody 

cally bound to said antibody or antibody fragment fragment to accrete in said tumor or lesion or its imme- 

at one or more sites which do not substantially 60 dtate vicinity by binding to said marker, and directing a 

mterfere with the immunological specificity of said beam of thermsd neutrons at said patient, 

hypervariable region. the improvement wherein said boron-labeled anti- 

2. The modified antibody or antibody fragment of body or antibody fragment is a modified antibody /- 
claim 1, wherein said synthetic sequenced polymer is a fragment according to claim 1. 

polyamide. 65 13. A kit for use in neutron-activated radiotherapy of 

3. The modified antibody or antibody fragment of a tumor or pathological lesion, comprising a sterile 
claim 2, wherein said polyamide has a "Nylon 66" struc- preparation of a boron-labeled modified antibody or 
ture along substantially all of its backbone, antibody fragment according to claim 1, suitable for 
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preparing an injectable composition for parenteral in- 
jection in a human subject. 

14. The modified antibody or antibody fragment of 
claim 2, wherein said ligand is a marker which is pro- 
duced by or associated with a tumor or a pathological 5 
lesion. 

15. The modified antibody or antibody fragment of 
claim 1, containing 50-2CX)0 boron atoms per antibody 
or antibody fragment. 

16. In a method of tumor or pathological lesion radio- 10 
therapy, which comprises injecting a human subject 
parenterally with an antibody or antibody fragment 
which specifically binds a marker produced by or asso- 
ciated with said tumor or lesion and which is conju- 
gated to an addend comprising a plurality of atoms of IS 
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Boron-lO isotope, permitting said antibody or antibody 
fragment to accrete in said tumor or lesion or its imme- 
diate vicinity by bindmg to said marker, and directing a 
beam of thermal neutrons at said patient, 

the improvement wherein said boron-labeled anti- 
body or antibody fragment is a modified antibody 
or antibody fragment according to claim 2. 

17. A kit for use in neutron-activated radiotherapy of 
a tumor or pathological lesion, comprising a sterile 
preparation of a boron-labeled modified antibody or 
antibody fragment according to claim 2, in a suitable 
contamer, suitable for preparing an injectable composi- 
tion for parenteral mjection in a himian subject. 
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TISSUE FACTOR COMPOSITIONS AND 
LIGANDS FOR THE SPECIFIC 
COAGULATION OF VASCULATURE 

The present application is a continuation-in-part of 
co-pending U.S. patent application Sen No. 08/273,567, 
filed Jul. 11, 1994; which is a continuation-in-part of U.S. 
patent application Ser. No. 08/205,330, filed Mar. 2, 1994, 
now U.S. Pat. No, 5,855,866; which is a continuation-in-part 
of U.S. Ser. No. 07/846,349, filed Mar. 5, 1992. The entire 
text and figures of the above-referenced disclosures are 
specifically incorporated herein by reference without dis- 
claimer. 

This invention was made with government support under 
Contract No. POl HL 16411 by NIH. The government has 
certain rights in the invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the fields of 
blood vessels and of coagulation. More particularly, it 
provides a variety of growth factor-based and immunologi- 
cal reagents, including bispecific antibodies, for use in 
achieving specific coagulation. 

2. Description of the Related Art 

Advances in the chemotherapy of neoplastic disease have 
been realized during the last 30 years. This includes some 
progress in the development of new chemotherapeutic 
agents and, more particularly, the development of regimens 
for concurrent administration of drugs. A significant under- 
standing of the neoplastic processes at the cellular and tissue 
level, and the mechanism of action of basic antineoplastic 
agents, has also allowed advances in the chemotherapy of a 
number of neoplastic diseases, including choriocarcinoma, 
Wilm*s tumor, acute leukemia, rhabdomyosarcoma, 
retinoblastoma, Hodgkin's disease and Burkitt's lymphoma. 
Despite the advances that have been made in a few tumors, 
though, many of the most prevalent forms of human cancer 
still resist effective chemotherapeutic intervention. 

A significant underlying problem that miist be addressed 
in any treatment regimen is the concept of "total cell kill." 
This concept holds that in order to have an effective treat- 
ment regimen, whether it be a surgical or chemotherapeutic 
approach or both, there must be a total cell kill of all 
so-called "clonogenic" malignant cells, that is, cells that 
have the ability to grow uncontrolled and replace any tumor 
mass , that might be removed. Due to the ultimate need to 
develop therapeutic agents and regimens that will achieve a 
total cell kill, certain types of tumors have been more 
amenable than others to therapy. For example, the soft tissue 
tumors (e.g., lymphomas), and tumors of the blood and 
blood-forming organs (e.g., leukemias) have generally been 
more responsive to chemotherapeutic therapy than have 
solid tiunors such as carcinomas. 

One reason for the stisceptibility of soft and blood-based 
tumors to chemotherapy is the greater physical accessibility 
of lymphoma and leukemic cells to chemotherapeutic inter- 
vention. Simply put, it is much more difficult for most 
chemotherapeutic agents to reach all of the ceUs of a solid 
tumor mass than it is the soft tumors and blood-based 
tumors, and therefore much more difficult to achieve a total 
cell kill. Increasing the dose of chemotherapeutic agents 
most often results in toxic side effects, which generally 
limits the effectiveness of conventional anti-tumor agents. 

The strategy to develop successful antitumor agents 
involves the design of agents that will selectively kill tumor 
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cells, while exerting relatively little, if any, untoward effects 
against normal tissues. This goal has been elusive to achieve, 
though, in that there are few qualitative differences between 
neoplastic and normal tissues. Because of this, much 

5 research over the years has focused on identifying tumor- 
specific "marker antigens" that can serve as immunological 
targets both for chemotherapy and diagnosis. Many tumor- 
specific, or quasi-tumor-specific ("tumor-associated"), 
markers have been identified as tumor cell antigens that can 

10 be recognized by specific antibodies. Unfortunately, it is 
generally the case that tumor specific antibodies will not in 
and of themselves exert sufficient antitumor effects to make 
them useful in cancer therapy. 

More recently, immunotoxins have been employed in an 

15 attempt to selectively target cancer cells, Immtmo toxins are 
conjugates of a specific targeting agent, typically a tumor- 
directed antibody or fragment, with a cytotoxic agent, such 
as a toxin moiety. The targeting agent is designed to direct 
the toxin to cells carrying the targeted antigen and to kill 

20 such cells. "Second generation" immunotoxins have now 
been developed, for example, those that employ deglycosy- 
lated rlcin A chain to prevent entrapment of the immimo- 
toxin by the liver and reduce hepatotoxicity (Blakey et al., 
1987a;b), and those with new crosslinkers to endow the 

25 immunotoxins with higher in vivo stability (Thorpe et al., 
1988). 

Immunotoxins have proven effective at treating lympho- 
mas and leukemias in mice (Thorpe et al., 1988; Ghetie et 
al., 1991; Griffin et al., 1988a;b) and in man (Vitetta et al., 

30 iggiy However, lymphoid neoplasias are particularly ame- 
nable to immunotoxin therapy because the tumor cells are 
relatively accessible to blood-borne immunotoxins. Also, it 
is possible to target normal lymphoid antigens because the 
normal lymphocytes, which are killed along with the malig- 
nant cells during therapy, are rapidly regenerated from 
progenitors lacking the target antigens. 

In contrast with their efficacy in lymphomas, immimo- 
toxins have proved relatively ineffective in the treatment of 

^ solid tumors (Weiner et al., 1989; Byers et al., 1989), The 
principal reason for this is that solid tumors are generally 
impermeable to antibody-sized molecules: specific uptake 
values of less than 0.001% of the injected dose/g of tumor 
are not uncommon in hiunan studies (Sands et al, 1988; 
Epenetos et al., 1986). Another significant problem is that 
antigen-deficient mutants can escape being killed by the 
immunotoxin and regrow (Thorpe et al., 1988). 

Furthermore, antibodies that enter the tumor mass do not 
distribute evenly for several reasons. Firstly, the dense 

50 packing of tumor cells and fibrous tumor stromas present a 
formidable physical barrier to macromolecular transport 
and, combined with the absence of lymphatic drainage, 
create an elevated interstitial pressure in the tumor core 
which reduces extravasation and fluid convection (Baxter et 

55 al., 1991; Jain, 1990). Secondly, the distribution of blood 
vessels in most tumors is disorganized and heterogeneous, 
so some tumor cells are separated from extravasating anti- 
body by large diffusion distances (Jain, 1990). Thirdly, aU of 
the antibody entering the tumor may become adsorbed in 

50 perivascular regions by the first tumor cells encountered, 
leaving none to reach tumor cells at more distant sites 
(Baxter et al., 1991; Kennel et al., 1991). 

Thus, it is quite clear that a significant need exists for the 
development of novel strategies for the treatment of solid 

65 tumors. One approach involves the targeting of agents to the 
vasculature of the tumor, rather than to tumor cells. Solid 
tumor growth is highly dependent on the vascularization of 
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the tumor and the growth of tumor cells can only be 
maintained if the supply of oxygen, nutrients and other 
growth factors and the efflux of metabolic products are 
satisfactory. Indeed, it has been observed that many existing 
therapies may already have, as part of their action, a 5 
vascular-mediated mechanism of action (Denekamp, 1990). 

The present inventors propose that targeting the vascula- 
ture will likely deprive the tumor of life sustaining events 
and result in reduced tumor growth rate or tumor cell death. 
This approach is contemplated to offer several advantages 
over direct targeting of tumor cells. Firstly, the target cells 
are directly accessible to intravenously administered thera- 
peutic agents, permitting rapid localization of a high per- 
centage of the injected dose (Kennel et al., 1991). Secondly, 
since each capillary provides oxygen and nutrients for 15 
thousands of cells in its surrounding *cord' of tumor, even 
limited damage to the tumor vasculature could produce an 
avalanche of tumor cell death (Denekamp, 1990; Denekamp, 
1984). Finally, the outgrowth of mutant endothelial cells, 
lacking a target antigen, is unlikely because they are normal 20 
cells. 

At the present time, it is generally accepted that for tumor 
vasciilar targeting to succeed, antibodies are required that 
recognize tumor endothelial cells but not those in normal 
tissues. Although several antibodies have been raised 
(Duijvestijn et al., 1987; Hagemeier et al., 1986; Bruland et 
al, 1986; Murray et al., 1989; Schlingemann et al, 1985), 
none have shown a high degree of specificity. Also, there do 
not appear to be reports of any particular agents, other than 
the aforementioned toxins, that show promise as the second 
agent in a vascular targeted antibody conjugate. Thus, 
unfortunately, while vascular targeting presents certain theo- 
retical advantages, effective strategies incorporating these 
advantages have yet to be developed. 
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The present invention overcomes the limitations of the 
prior art by providing novel compositions and methods for 
use in achieving specific coagulation, for example, coagu- 
lation in tumor vasculature, with limiting side-effects. The 
invention, in a general and overall sense, concerns various 
novel immunological and growth factor-based bispecific 
compositions capable of stimulating coagulation in disease- 
associated vasculature, and methods for their preparation 45 
and use. 

The invention provides binding ligands that may gener- 
ally be described as "bispecific binding ligands". Such 
ligands comprise a "first binding region" that typically binds 
to a disease-related target cell, such as a tumor cell, or to a 50 
component associated with such a cell; to some component 
associated with disease-related vasculature, e.g., tumor vas- 
culature; or to a component of, or associated with, disease- 
associated stroma. The first binding region is operatively 
associated with or linked to a "coagulating agent", which 55 
may be either a coagulation factor itself or may be a second 
binding region that is capable of binding to a coagulation 
factor. 

The binding ligands of the invention are described as 
"bispecific" as they are "at least" bispecific, i.e., they 60 
comprise, at a minimum, two functionally distinct regions. 
Compositions and methods using other constructs, such as 
trispecific and mutlispecific binding ligands, are also 
included within the scope of the invention. Combined 
compositions, kits and methods of using the bispecific 65 
coagulating ligands described herein in conjunction with 
other effectors, such as other immunological- and growth- 



factor-based compositions, antigen-inducing agents, 
immunostimulants, immunosuppressants, chemotherapeutic 
drugs, and the like, are also contemplated. 

The first binding regions, and any second binding regions, 
may be antibodies or fragments thereof. As used herein, the 
term "antibody" is intended to refer broadly to any immu- 
nologic binding agent such as IgG, IgM, IgA, IgD and IgE. 
Generally, IgG or IgM are preferred because they are the 
most common antibodies in the physiological situation and 
because they are most easily made in a laboratory setting. 
Monoclonal antibodies (MAbs) are recognized to have cer- 
tain advantages, e.g., reproducibility and large -scale 
production, and their use is generally preferred. Engineered 
antibodies, such as recombinant antibodies and humanized 
antibodies, also fall within the scope of the invention. 

Where antigen binding regions of antibodies are 
employed as the binding and targeting agent, a complete 
antibody molecule may be employed. Alternatively, a fiinc- 
tional antigen binding region may be used, as exemplified by 
Fv, scFv (single chain Fv), Fab', Fab, Dab or F(ab')2 frag- 
ment of an antibody. The techniques for preparing and using 
various antibody-based constructs are well known in the art 
and are further described herein. 

The coagulation factor portion of the binding ligands is 
formed so that it maintains significant functional capacity, 
i.e., it is in a form so that, when delivered to the target 
region, it still retains its ability to promote blood coagulation 
or clotting. However, in certain embodiments, the coagula- 
tion factor portion of the binding ligands will be less active 
than, for example, the natural counterpart of the coagulant, 
and the factor will achieve the desired level of activity only 
upon delivery to the target area. One such example is a 
vitamin K-dependent coagiilation factor that lacks the Gla 
modification, which will nonetheless achieve significant 
functional activity upon binding of the first binding region of 
the bispecific ligand to a membrane environment. 

Where a second binding region is used to bind a coagu- 
lation factor, it is generally chosen so that it recognizes a site 
on the coagulation factor that does not significantly impair 
its ability to induce coagulation. Likewise, where a coagu- 
lation factor is covalently linked to a first binding agent, a 
site distinct from its functional coagulating site is generally 
used to join the molecules. 

The "first binding region" of the bispecific ligands of the 
invention may be any component that binds to a designated 
target site, i.e., a site associated with a tumor region or other 
disease site in which coagulation is desired. The target 
molecule, in the case of txunor targeting, will generally be 
present at a higher concentration in the tumor site than in 
non- tumor sites. In certain preferred embodiments, the tar- 
geted molecules, whether associated with tumor cells, tumor 
vascular cells, tumor-associated stroma, or other 
components, will be restricted to such cells or other tumor- 
associated entities, however, this is not a requirement of the 
invention. 

In this regard, it should be noted that tumor vasculature is 
*prothrombotic* and is predisposed towards coagulation. It is 
thus contemplated that a targeted coagulant is likely to 
preferentially coagulate tumor vasculature while not coagu- 
lating normal tissue vasculature, even if other normal cells 
or body components, particularly, the normal endothelial 
cells or even stroma, express significant levels of the target 
molecule. This approach is therefore envisioned to be safer 
for use in humans, e,g., as a means of treating cancer, than 
that of targeting a toxin to tumor vasculature. 

In certain embodiments, the first binding regions contem- 
plated for use in this invention may be directed to a tumor 
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cell component or to a component associated with a tumor or otherwise soluble form of the receptor or receptor binding 

cell In targeting generally to a tumor cell, it is believed that domain, could also be employed as the binding region of a 

the first binding ligand will cause the coagulation factor bispecific coagulating ligand. 

component of the bispecific binding ligand to concentrate on In further embodiments, the first binding region may be a 

those perivascular tumor cells nearest to the blood vessel 5 component that binds to a target molecule that is specifically 

and thus trigger coagulation of tumor blood vessels, giving or preferentially expressed in a disease site other than a 

the bispecific binding ligand significant utility. tumor site. Exemplary target molecules associated with 

A first binding region may therefore be a component, such ^^^^ diseased cells include, for example, PSA associated 

as an antibody or other agent, that binds to a tumor cell. BGmg^ Prostatic Hyperplasia (BPH) and FGF associ- 

Agents that "bind to a tumor cell" are defined herein as lO proliferative diabetic retinopathy. It is beUeved 

ligands that bind to any accessible component or compo- ^^^^ m K^'^^f i?' ^^Jt""^ ^^T^. T f 

nents of a tumor ceU, or that bind to a component thai is dL^e^Ste ^ coagulation m 

itselfboundto,orotherwiseassociated with, a tumor cell, as • * r ^ • , 

further described herein. ^ "diseased cell" in the present 

„, -en ic context, I.e., it is a cell that is connected with a disease or 

The majonty of such tumor-bindmg ligands are contem- ^5 disorder, which ceU expresses, or is otherwise associated 

plated to be agents, particularly antibodies, that bind to a cell with, a targetable component that is present at a higher 

surface tumor anUgen or marker. Many such antigens are concentration in the disease sites and cells in comparison to 

known, as are a vanety of antibodies for use in antigen its levels in non^iseased sites and cells. This includes 

bmding and tumor targeting. The invention thus includes targetable components that are associated with the vascula- 

first bmding regions, such as anUgen binding regions of ture in the disease sites. 

antibodies, that bind to an identified tumor cell surface t?^*.«,«K„, fi^^^ u:»a' • *r • . j 

o«f;„^„ J.^u *u T * J - ui T J i= . J- bxemplary farst bmdmg regions for use m targeting and 

T^n^Z r^V '° ? n ' I ^"^"^"^^ ^'^^''^^^ a coagulant to other disease sit?s include 

ZTJS ^'f^'f'^fy specifically bmd to an intact antibodies, such as anti-PSA (BPH), and GF82, GF67 3H3, 

tumor cell such as bmdmg to a tumor cell listed m Table II. that bind to FGF. Biological binding Ugands, such as FGf! 

Currently preferred examples of tumor cell binding that bind to the relevant receptor, in this case the FGF 

regions are those that comprise an antigen binding region of receptor, may also be used. Antibodies against vascular 

^^ocS^^ ^^^^ ^"^"^^ ""^^ ^'''^^''^ ^""^'^^^ ^^^g^^ also be employed, as described below The 

pl85 , milk mucm core protein, TAG.72, Lewis a or targeting of the stroma or endothelial cells provides a 

carcmoembryomc antigen (CEA). Another group of cur- powerful means of treating other diseases where the "dis- 

rently preferred tumor ceU bindmg regions are those that eased ceir itself may not be associated with a strong or 

comprise an antigen binding region of an antibody that binds unique marker antigen 

9 2 27'"0V -^^^^ 0^061 ^^^^^ embodiments, the first binding regions of the 

9.2.27, OV-TL3, MOvlS, B3. KSl/4, 260F9 or D612. invention will be components that are capable of binding to 

The antibody 9.2.27 bmds to high melanoma antigens, 3^ a component of disease-associated vasculature, i.e., a region 

OV-TL3 and M0vl8 both bind to ovarian-associated of vasculature in which specific coagulation would be 

antigens, B3 and KSl/4 bind to carcinoma antigens, 260F9 advantageous to the animal or patient. First binding regions 

bmds to breast carcinoma and D612 binds to colorectal capable of binding to a component specifically or preferen- 

carcinoma. Antigen binding moieties that bind to the same tially associated with tumor vasculature are currently pre- 

antigen as D612, B3 or KSl/4 are particularly preferred. ^ ferred, "Components of tumor vasculature" include both 

D612 is described in U.S. Pat. No. 5,183,756, and has ATCC tumor vasculature endotheUal cell surface molecules and 

Accession No. HB 9796; B3 is described in U.S. Pat. No. any components, such as growth factors, that may be bound 

5,242,813, and has ATCC Accession No. HB 10573; and to these cell surface receptors or molecule. These include 

recombinant and chimeric KSl/4 antibodies are described in markers found, expressed, accessible to binding or otherwise 

U.S. Pat. No. 4,975,369; each incorporated herein by refer- localized on the cell surfaces of tumor-associated vascular 

^°^* endothelium as compared to normal vasculature. 

In tumor cell Urgeting, where the tumor marker is a Certain preferred binding ligands are antibodies, and 

component, such as a receptor, for which a biological ligand fragments thereof, that bind to cell surface receptors and 

has been identified, the ligand itself may also be employed antibodies that bind to the corresponding biological ligands 

as the targeting agent, rather than an antibody. Active 50 of these receptors. Exemplary antibodies are those that bind 

fragments or binding regions of such ligands may also be to MHC Class II proteins, VEGF/VPF receptors, FGF 

employed. receptors, TGpp receptors, a TIE (tyrosine kinase- 

First binding regions for use in the invention may also be immunoglobulin-epidermal growth factor-like receptor, 

components that bind to a ligand that is associated with a including TIE-1 and TIE-2), VCAM-1, P-selectin, 

tumor cell marker. For example, where the tumor antigen in 55 E-selectin, a^Pg integrin, pleiotropin, endosialin and endog- 

question is a cell-surface receptor, tumor cells in vivo will lin. 

have the corresponding biological ligand, e.g., hormone. First binding regions that comprise an antigen binding 

cytokine or growth factor, bound to their surface and avail- region of an antibody that binds to endoglin are one group 

able as a target. This includes both circulating ligands and of preferred agents. These are exemplified by antibodies and 

"paracrine-type" ligands that may be generated by the tumor eo firagments that bind to the same epitope as the monoclonal 

cell and then bound to the cell surface. antibody TEC-4 or the monoclonal antibody TEC-11, depos- 

The present invention thus further includes first binding ited Mar. 12, 1997 with the American Type Culture 

regions, such as antibodies and fragments thereof, that bind Collection, 12301 Parklawn Drive, Rockville, Md. 20852, 

to a ligand that binds to an identified tumor cell surface and given the ATCC Accession numbers ATCC HB-12312 

antigen, such as those listed in Table I, or that preferentially 65 and ATCC HB-12311, respectively, 

or specifically binds to one or more intact tumor cells. Antigen binding region of antibodies that bind to the 

Additionally, the receptor itself, or preferably an engineered VEGF receptor are another group of preferred agents. These 
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arc particularly exemplified by antibodies and fragments that antibodies that bind to basement membrane components, 

bind to the same epitope as the monoclonal antibody 3E11, activated platelets and inducible tumor stroma components, 

3E7, 5G6, 4D8, lOBlO or TEC-110. Anti-VEGF antibodies especially those inducible by a coagulant, such as thrombin, 

with binding specificities substantially the same as any one Activated platelets" are herein defined as a component of 

of the antibodies termed 1B4, 4B7, 1B8, 2C9, 7D9, 12D2, 5 tumor stroma, one reason for which being that diey bind to 

12D7, 12E10, 5ES, 8E5, 5E11, 7E11, 3F5, 10F3, 1F4, 2F8, the stroma when activated. 

P^ef^r^^d targetable elements of tumor-associated stroma 

GV97Y, GV3^ GV59 or GV14 may also be used. Further are currently the tumor-associated fibronectin isoforms. 

suitable ^°i^;^GF antibodies in^^^^^^^ 4.6.1 A3,13.1, Fibronectin isoforms are ligands that bind to the integrin 

A4.3.1 and B2.6.2 (Kim et. al., 1992); SBS94.1 (Oncogene lo family of receptors. Tumor-associated fibronectin isoforms 

Science); G143-264 and G143^56 (Phanningen). are available, e.g., as recognized by the MAb BC-1. This 

Further usefiil antibodies are those that bind to a ligand Mab, and others ofsimilar specificity, are therefore preferred 

that binds to a tumor vasculature cell surface receptor. agents for use in the present invention. Fibronectin isoforms, 

AnUbodies that bind to VEGFA^F, FGF, TGFp, a Hgand although stromal components, bind to endothehal cells and 

that binds to a TIE, a tumor-associated fibronectin isoform, 15 may thus be considered as a targetable vascular endothelial 

scatter factor, hepatocyte growth factor (HGF), platelet cell-bound ligand in the context of the invention, 

factor 4 (PF4), PDGF (including PDGFa and PDGFb) and Another group of preferred anti-stromal antibodies are 

rJ^.'^^'''^^^' metalloproteinases, including those that bind to RIBS, the receptor-induced binding site, 

TIMP-1, TIMP-2 and TIMP-3) are therefore useful in these on fibrinogen. RIBS is a targetable antigen, the expression of 

emb<xliments, with antibodies that bind to VEGFATF, FGF, 20 ^^ich in stroma is dictated by activated platelets. Antibodies 

TGFp, a hgand that binds to a TIE or a tumor-associated that bind to LIBS, the ligand-induced binding site, on 

fibronectin isoform often being preferred. activated platelets are also useful. 

In stiU further embodiments, it is contemplated that mark- One further group of useful antibodies are those that bind 

ers specific for tumor vasculature may be those that have to tenascin, a large molecular weight extraceUular giyco- 

been first mduced,i.e., their expression specifically manipu- 25 ^^^^^^ expressed in the stroma of various benign and 

lated by the hand of man, aUowmg subsequent targeting malignant tumors. Antibodies such as those described by 

using a binding ligand, such as an antibody. Shrestha et. al. (1994) and 143DB7C8, described by Tuom- 

Exemplary inducible antigens include those inducible by inen & Kallioinen (1994), may thus be used as the binding 

a cytokine, e.g., IL-1, IL-4, TNF-a, TNF-P or IFN-y, as may portions of the coaguligands. "Components of disease- and 

be released by monocytes, macrophages, mast cells, helper ^° tumor-associated stroma" include various cell types, matrix 

T cells, CD8-positive T-cells, NK cells or even tumor cells. components, effectors and other molecules or components 

Examples of the induced targets are E-selectin, VCAM-1, that may be considered, by some, to be outside the narrowest 

ICAM-1, endoglin and MHC Class II antigens. When using definition of "stroma", but are nevertheless targetable enti- 

MHC Class 11 induction, the suppression of MHC Qass II ties that are preferentially associated with a disease region, 

in normal tissues is generally required, as may be achieved such as a tumor. 

using a cyclosporin, such as Cyclosporin A (CsA), or a Accordingly, the first binding region may be an antibody 
functionally equivalent agent. or hgand that binds to a smooth muscle ceU, a pericyte, a 
Further inducible antigens include those inducible by a fibroblast, a macrophage, an infiltrating lymphocyte or leu- 
coagulant, such as by thrombin. Factor IX/IXa, Factor X/Xa, ^ cocyte. First binding regions may also bind to components 
plasmin or a metalloproteinase (matrix metalloproteinase, of the connective tissue, and include antibodies and hgands 
MMP). Generally, antigens inducible by thrombin will be that bind to, e.g., fibrin, proteoglycans, glycoproteins, 
used. This group of antigens includes P-selectin, E-selectin, coUagens, and anionic polysaccharides such as heparin and 
PDGF and ICAM-1, with the induction and targeting of heparin-hke compounds. 

P-selectin and/or E-selectin being generaUy preferred. other preferred embodiments, the vasculature and 

Antibodies that bind to epitopes that are present on stroma binding ligands of the invention will be binding 

ligand-receptor complexes, but absent from both the iadi- regions that are themselves biological ligands, or portions 

vidual ligand and receptor may also be used. Such antibodies thereof, rather than an antibody. "Biological ligands" in this 

will recognize and bind to a ligand-receptor complex, as sense will be those molecules that bind to or associate with 

presented at the cell surface, but will not bind to the free 50 cell surface molecules, such as receptors, that are accessible 

ligand or uncomplexed receptor. A "ligand-receptor in the stroma or on vascular cells; as exemphfied by 

complex", as used herein, therefore refers to the resultant cytokines, hormones, growth factors, and the Hke. Any such 

complex produced when a ligand, such as a growth factor, growth factor or ligand may be used so long as it binds to the 

specifically binds to its receptor, such as a growth factor disease-associated stroma or vasculature, e.g., to a specific 

receptor This is exemplified by the VEGFA^GF receptor 55 biological receptor present on the surface of a tumor vas- 

complex. culature endothelial ceU, 

It is envisioned that such ligand-receptor complexes will Suitable growth factors for use in these aspects of the 

likely be present in a significantly higher number on tumor- invention include, for example, VEGFATF (vascular endot- 

associated endothelial cells than on non-tiunor associated helial cell growth factor/vascular permeability factor), FGF 

endothelial cells, and may thus be targeted by anti-complex 60 (the fibroblast growth factor family of proteins), TGFp 

antibodies. Anti-complex antibodies include those antibod- (transforming growth factor B), a Ugand that binds to a TIE, 

ies and fragments thereof that bind lo the same epitope as the a tumor-associated fibronectin isoform, scatter factor, hepa- 

monoclonal antibody 2E5, 3E5 or 4E5. tocyte growth factor (HGF), platelet factor 4 (PF4), PDGF 

In further embodiments, the first binding regions contem- (platelet derived growth factor), TIMP or even IL-8, IL-6 or 
plated for use in this invention will bind to a component of 65 Factor Xllla, VEGFA^PF and FGF will often be preferred, 

disease-associated stroma, such as a component of tiunor- Targeting an endothelial cell-bound component, e.g., a 

associated stroma. This includes antigen binding regions of cytokine or growth factor, with a binding Ugand construct 
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based, on a known receptor is also contemplated. Generally, otic host cell (which cells are unable to effect the Glu to Ola 
where a receptor is used as a targeting component, a trun- modification). The factors may also be prepared by making 
cated or soluble form of the receptor will be employed. In an engineered coagulation factor gene that encodes a vita- 
such embodiments, it is particularly preferred that the tar- min K-dependent coagulation factor lacking the necessary or 
geted endothelial cell-bound component be a dimeric ligand, 5 "corresponding" Glutamic acid residues, and then express- 
such as VEGF. This is preferred as one component of the ing the engineered gene in virtually any recombinant host 
dimer will already be bound to the cell surface receptor in cell. Equally, such a coagulation factor may be prepared by 
situ, leaving the other component of the dimer available for treating the vitamin K-dependent coagulation factor protein 
binding the soluble receptor portion of the bispecific coagu- to remove or alter the corresponding Glutamic acid residues, 
lating ligand. lo Preferred coagulation factors for use in the binding 

The use of bispecific, or tri- or multi-specific, ligands that ligands of the invention are Tissue Factor and Tissue Factor 

include at least one targeting region capable of binding to a derivatives. One group of useful Tissue Factors are those 

component of disease-associated vasculature has the advan- mutants deficient in the ability to activate Factor VIL A 

tage that vascular endothelial cells, and disease-associated Tissue Factor may be rendered deficient in the ability to 

agents such as activated platelets, are similar in different 15 activate Factor VII by altering one or more amino acids fi-om 

diseases, and particularly in different tumors. This phenom- the region generally between about position 157 and about 

enon makes it feasible to treat numerous diseases and types position 167 in the amino acid sequence. Exemplary mutants 

of cancer with one pharmaceutical, rather than having to are those wherein Tip at position 158 is changed to Arg; 

tailor the agent to each individual disease or specific tumor wherein Ser at position 162 is changed to Ala; wherein Gly 

^yp^- 20 at position 164 is changed to Ala; and the double mutant 

The compositions and methods of the present invention wherein Trp at position 158 is changed to Arg and Ser at 

are thus suitable for use in treating both benign and malig- position 162 is changed to Ala. 

nant diseases that have a vascular component. Such Further preferred Tissue Factor derivatives are truncated 

vasculature-associated diseases include benign growths. Tissue Factors, dimeric or even polymeric Tissue Factors 

such as EPH, diabetic retinopathy, vascular restenosis, arte- and dimeric, or even polymeric, truncated Tissue Factors, 

riovenous malformations (AVM), meningioma, The present invention further provides novel Tissue Fac- 

hemangioma, neovascular glaucoma and " psoriasis. Also tor constructs that comprise a Tissue Factor or derivative 

included within this group are synovitis, dermatitis, operatively linked to at least one other Tissue Factor or 

endometriosis, angiofibroma, rheumatoid arthritis, athero- derivative. Truncated Tissue Factors are preferred, with 

sclerotic plaques, corneal graft neovascularization, hemo- truncated Tissue Factors that have been modified to com- 

philic joints, hypertrophic scars, osler-weber syndrome, prise a hydrophobic membrane insertion moiety being par- 

pyogenic granuloma retrolental fibroplasia, scleroderma, . ticularly preferred. "A hydrophobic membrane insertion 

trachoma, and vascular adhesions. Each of the above dis- moiet/', as defined herein, is one or more units that direct 

eases are known to have a common angio-dependent the insertion or functional contact of the Tissue Factor with 

pathology, it is thus contemplated that achieving coagulation a membrane. The hydrophobic membrane insertion moieties 

in the disease site would prove beneficial, of the invention are exempHfied by stretches of substantially 

The bispecific binding ligand-coagulation factor conju- hydrophobic amino acids, such as between about 3 and 
gates of the present invention may be conjugates in which about 20 hydrophobic amino acids; and also by fatty acids, 
the two or more components are covalently linked. For ^ The hydrophobic amino acids may be located either at the 
example, by using a biochemical crosslinker and, preferably, N- or C-terminus of the truncated Tissue Factor, or appended 
one that has reasonable stability in blood, as exemplified by at another point of the molecule. Where hydrophobic amino 
SMPT. The cornponents may also be linked using the acids are used, they may be advantageously incorporated 
well-known avidin (or streptavidin) and biotin combination. into the molecule by molecular biological techniques. 
Various cross-linkers, avidinibiotin compositions and Equally, hydrophobic amino acids or fatty acids may be 
combinations, and techniques for preparing conjugates, are added to the Tissue Factor using synthetic chemistry tech- 
well known in the art and are further described herein. niques. 

Alternatively, such bispecific coagulating agents may be In the Tissue Factor dimers, trimers and polymers of the 

fusion proteins prepared by molecular biological techniques, present invention, each of the Tissue Factors or derivatives 

i.e., by joining a gene (or cDNA) encoding a binding ligand 50 may be operatively linked via, e.g., a disulfide, thioether or 

or region to a gene (or cDNA) encoding a coagulation factor. peptide bond. In certain embodiments, the Tissue Factor 

This is well known in the art and is further described herein, units will be linked via a bond that is substantially stable in 

Typically, an expression vector is prepared that comprises, plasma, or in the physiological environment in which it is 

iri the same reading firame, a DNA segment encoding the first intended for use. This is based upon the inventors' concept 

binding region operatively linked to a DNA segment encod- 55 that the dimeric form of Tissue Factor may prove to be the 

ing the coagulation factor and expressing the vector in a most biologically active. However, there is no requirement 

recoinbinant host cell so that it produces the encoded fusion for a stable linkage as Tissue Factor monomers are known to 

protein. be active in the methods of the invention. 

Coagulation factors for use in the invention may comprise One or more of the Tissue Factors or truncated Tissue 

one of the vitamin K-dependent coagulant factors, such as eo Factors in the dimers and multimers may also be modified to 

Factor Il/IIa, Factor VIIATIa, Factor IX/IXa or Factor X/Xa. contain a terminal cysteine residue or another moiety that is 

Factor VA^a, VIIIATIIa, Factor Xl/XIa, Factor XH/XIIa and suitable for linking the Tissue Factor construct to a second 

Factor Xlll/XIIIa may also be used. agent, such as a binding region. 

Particular aspects concern the vitamin K-dependent Tissue Factor monomers, truncated Tissue Factors, and 

coagulation factors that lack the Gla modification. Such 65 Tissue Factor dimers and multimers that contain a peptide 

factors may be prepared by expressing a vitamin that includes a selectively-cleavable amino acid sequence 

K-dependent coagulation factor-encoding gene in a procary- therefore form another aspect of the invention. Peptide 
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linkers that include a cleavage site for urokinase, plasmin, toxins (in immunotoxins) as they will not produce signifi- 

Thrombin, Factor IXa, Factor Xa or a metalloproteinase, cant adverse side effects upon targeting to a marker that 

such as an interstitial collagenase, a gelatinase or a proves to be less than 100% disease-restricted. Furthermore, 

stromelysin, are particularly preferred. the coagulants used will most often be of human origin, and 

The Tissue Factor monomers, truncated Tissue Factors, 5 will therefore pose less immunogenicity problems than 
Tissue Factor dimers and multimers, and indeed any foreign toxins, such as ricin A chain, 
coagulant, may therefore be linked to a second agent, such Although not limited to such compositions, important 
as an antibody, an antigen binding region of an antibody, a examples of compositions in accordance with this invention 
ligand or a receptor, via a biologically-releasable bond. The are bispecific antibodies, which antibodies comprise a first 
preference for peptide linkers that include a cleavage site for lO antigen binding region that binds to a disease cell or com- 
the above listed proteinases is based on the presence of such ponent of disease-associated vasculature marker and a sec- 
proteinases within, e.g., a tumor environment. The delivery ond antigen binding region that binds to a coagulation factor, 
of a bispecific agent or ligand to the tumor site is expected The invention also provides scFv, Fv, Fab', Fab and F(abO. 
to result in cleavage, resulting in the relatively specific fragments of such bispecific antibodies. One currently pre- 
release of the coagulation factor. 15 ferred example of such a bispecific antibody is an antibody 

Particular constructs of the invention are those comprising comprising one binding site directed against an MHC Class 

an operatively linked series of imits in the sequence: a H antigen and another binding site directed against Tissue 

cysteine residue, a selectively cleavable peptide linker, a Factor. 

stretch of hydrophobic amino acids, a first truncated Tissue In further embodiments, the present invention provides 

Factor and a second truncated Tissue Factor; or in the 20 pharmaceutical compositions of, and therapeutic kits 

sequence: a first cysteine residue, a selectively cleavable comprising, any or a combination of the above binding 

peptide linker, a first stretch of hydrophobic amino acids, a ligands and bispecific antibodies in pharmacologically 

first truncated Tissue Factor, a second truncated Tissue acceptable forms. This includes pharmaceutical composi- 

Factor and a second stretch of hydrophobic amino acids; tions and kits where the binding ligand has a first binding 

wherem each construct may or not be linked to a second ^5 ^^gj^^ covalently linked to a coagulation factor, and 

agent such as an antibody, ligand or receptor. also binding ligands in which the first binding region is 

Other suitable coagulation factors are Russell's viper covalently linked to a second binding region that, in turn, 

venom Factor X activator; platelet-activating compounds, binds to the coagulation factor — ^whether binding occurs 

such as thromboxane A2 and thromboxane A^ synthase; and prior to, or subsequent to, administration to an animal, 

inhibitors of fibrinolysis, such as a2-antiplasmin. Pharmaceutical compositions and therapeutic kits that 

Also encompassed by the invention are binding ligands in include a combination of bispecific, trispecific or multispe- 

which the coagulation factor is not covalently linked to the cific binding ligands in accordance with the invention are 

conjugate, but is non-covalently bound thereto by means of also contemplated. This includes combinations where one 

binding to a second binding region that is operatively linked binding ligand is directed against a diseased cell or a tumor 

to the targeting agent of the construct. Suitable "second cell and where another is directed against a vasculature 

binding regions" include antigen combining sites of anti- endothelial cell marker or component of disease-associated 

bodies that have binding specificity for the coagulation stroma. Other distinct components may also be included in 

factor, including functional portions of antibodies, such as the compositions and kits of the invention, such as 

scFv, Fv, Fab', Fab and F(ab')2 fragments. antibodies, immunotoxins, immunoeffectors, chemothera- 

Binding ligands that contain antibodies, or fragments peutic agents, and the like, 

thereof, directed against the vitamin K-dependent coagulant The kits may also include an antigen suppressor, such as 

Factor Il/IIa, Factor VIIATIa, Factor IX/IXa or Factor X/Xa; a cyclosporin, for use in suppressing antigen expression in 

a vitamin K-dependent coagulation factor that lacks the Gla endothelial cells of normal tissues; and/Or an "inducing 

modification; Tissue Factor, a mutant Tissue Factor, a trun- 45 agent" for use in inducing disease-associated vascular endot- 

cated Tissue Factor, a dimeric Tissue Factor, a polymeric helial cells or stroma to express a targetable antigen, such as 

Tissue Factor, a dimeric truncated Tissue Factor; Prekal- E-selectin, P-selectin or an MHC Class II antigen. Exem- 

likein; Factor VA^a, VHIATIIa, Factor Xl/XIa, Factor XII/ plary inducing agents include T cell clones that bind disease 

Xlla, Factor Xlll/XIIIa; Russell's viper venom Factor X or tumor antigens and that produce IFN-y, although it is 

activator, thromboxane or a2-antiplasmin are therefore 5Q currently preferred that such clones be isolated from the 

contemplated. animal to be treated using the kit. 

The non-covalently bound coagulating agents may be Preferred inducing agents are bispecific antibodies that 

bound to, or "precomplexed", with a coagulation factor, e.g., bind to disease or tumor cell antigens, or even stromal 

so that they may be used to deliver an exogenous coagula- components, and to effector cells capable of producing 

tion factor to a disease site, e.g., the tumor vasculature, of an 55 cytokines, coagulants, or other factors, that induce expres- 

animal upon administration. Equally, binding ligands that sion of desired target antigens. Currendy, one preferred 

comprise a second binding region that is specific for a group of bispecific antibodies are those that bind to a tumor 

coagulation factor may also be administered to an animal in antigen and to the activation antigens CD14 or CD16, to 

an "uncomplexed" form and still function to achieve specific stimulate IL-1 production by monocytes, macrophages or 

coagulation; in which instance, the agent would gamer eo naast cells; and those that bind to a tumor antigen and to the 

circulating (endogenous) coagulation factor and concentrate . activation antigens CD2, CD3 or CD28, and preferably 

it within the disease or tumor site. CD28, to stimulate IFN-y production by NK cells or pref- 

In terms of the "coagulation factors" or coagulating erably by T cells, 

agents, these may be endogenous coagulation factors and A second preferred group of bispecific antibodies are 

derivatives thereof, or exogenously added version of such 65 those that bind to a tumor antigen or to a component of 

factors, including recombinant versions. Coagulants (in the tumor stroma, and to Tissue Factor, a Tissue Factor 

present "coaguligands") have the distinct advantage over derivative, prothrombin. Factor VIIA^Ia, Factor IX/IXa, 
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Factor X/Xa, Factor Xl/XIa or Russell's viper venom Factor When inducing and subsequently targeting MHC Qass II 

X activator, to stimulate thrombin production. Kits compris- proteins, the suppression of MHC Class II in normal tissues 

ing such bispecific antibodies as a first "inducing" compo- is generally required. MHC Qass II suppression may be 

sition will generally include a second pharmaceutical com- achieved using a cyclosporin, or a functionally equivalent 
position that comprises a binding ligand that comprises a 5 agent. MHC Qass II molecules may then be induced in 

first binding region that binds to P-selectin or E-selectin. disease-associated vascular endothelial cells using 

The bispecific ligands of the invention, and other com- cyclosporin-independent means, such as by exposing the 

ponents as desired, may be conveniently aliquoted and disease-associated vasculat^ 

packaged, using one or more suitable container means, and l^^^' J ^^"^ ""eWN 

the separate containers dispensed in a single package. Phar- a - ^ 

maceutical compositions and kits are further described AcUvated monocytes macrophages and even mast cells 

jjgjgjj are eiiector cells capable of producmg cytokines (IL-1; 

... . . ... . .c ,- • , TNF-a; TNF-P) that induce E-selectin; whereas Helper T 

Although the present mvention h^ significant chmcal cD8-positive T ceUs and NK cells are capable of 

utility in the dehveryofcoagulante and m d^ease treatment, producing IFN-y that induces MHC Class II. Activating 

It also has many m vitro uses. These mclude. for example. n^onocyte/macrophages in the disease site to produce IL-l! 

various assaj^ based upon the bindmg abihty of the par- „ .^^^^^ disease-associated Helper T celk or NK celk 

Ucular anybody. Lgand or receptor, of the bispecific com- ^ ^^ ^^^^^^^ ^ administering to the 

pounds. The bispecific coagulatmg ligands of mvention may ^^^^ ^^ti^3ji„ ^^^j^ody that binds to an effector cell 

Jus be employed m standarfbmdmg assays and prot^^^^ ^^^^^^^ Exemplary activaUng antigens 
such as in immunoblots. Western blots, dot blots. RIAs 2° j^.j^^e CD14 and CD16 (FcR for IgE) for monocytes/ 

ELISAs. mirnunohistochem.stry. fluorescent activated ceU n^acrophages; and CD2. CD3 and CD28 for T cells; with 

Trnll ^ u \ and CD28. respectively, being preferred for use in 

chromatography, and the like, as further described herein. certain embodiments 

In stiUft^ther embodiments, the invention concerns meth- To achieve specific activation and induction, one cur- 

ods for delivering a coagulant to disease-associated rendy preferred method is to use a bispecific antibody that 

vasculature, as may be used to treat dise^s such as diabetic binds to both an effector cell activating antigen, such as 

retinopathy, vascular restenosis. AVM, hemangioma, cD14 or CD28. and to a disease or tumor ceU antigen. TTiese 

neovascular glaucoma, psoriasis and rheumatoid arthritis. bispecific antibodies will localize to the disease or tumor site 

and tumors that have a vascularized tumor component. Such activate monocyte/macrophages and T cells, respec- 

meUiods generally comprise admmistermg to an ammal, jhe activated effector cells in the vicinity of the 

mcludmg a human subject, with a disease that has a vascular targeted disease or tumor component wiU produce inducing 

component, a pharmaceutical composiUon comprising at cytokines, in this case, IL-1 and IFN-y, respectively 

least one bispecific binding ligand m accordance with those x>cu^ n ■ ■ i . i_ 

described above suppression m normal tissues may also be 
. ". . 35 achieved by administering to an animal an anti-CD4 anti- 

nie (impositions are administered in amounts and by body; this fiinctions to suppress IFN-y production by T ceUs 

routes effective to promote blood coagulation in the vascu- of the animal resulting in inhibition of MHC Class II 

lature of the disease site, e.g in the intratumoral vasculature expression. MHC Qass II molecules may again be specifi- 

of a solid tumor. Effective doses will be known to those of cally induced in disease-associated vascular endothelial 

sfall m the art m light of the present disclosure, such as the cells by exposing only the disease site to IFN-v. One means 

mformauon m the Preferred Embodiments and Detailed by which to achieve this is by administering to the animal an 

Examples Parenteral administration wiU often be suitable, IFN-y-producing T ceU clone that binds to an antigen in the 

as wiU other methods, such as, e.g., injection into a vascu- disease site. The IFN-v-producing T cells wiU preferably be 

larized tumor site. infiltrating leukocytes obtained firom the disease site of the 

The methods of the invention provide for the delivery of 45 animal, such as tumor infiltrating leukocytes (TILs) 

exogenous coagulation factors, by means of both admuiis- expanded in vitro. 

tering a binding ligand that comprises a covalently-bound Methods using bispecific antibodies to induce coagulant, 
coagulation factor and by means of administering a binding such as thrombin, production, only in a local environment, 
hgand that comprises a non-covalently bound coagulation such as in a tumor site, are also provided. Again, this will 
factor that is complexed to a second binding region of the 50 generaUy be achieved by administering to an animal a 
bispecific Ugand or antibody. pharmaceutical composition comprising a bispecific anti- 
Further methods of the invention include those that result body that binds to a tumor cell or a component of tumor 
in the delivery of an endogenous coagulation factor to stroma and to Tissue Factor, a Tissue Factor derivative, 
disease or tumor vasculature. This is achieved by adminis- prothrombin. Factor VIIA^Ia, Factor IX/IXa, Factor X/Xa, 
tering to the animal or patient a binding ligand that com- 55 Factor Xl/XIa or Russell's viper venom Factor X activator, 
prises a second binding region that binds to endogenous Antibodies that bind to E-selectin or P-selectin are then 
coagulation factor and concentrates the factor at the disease- linked to a coagulation factor or a second binding region that 
associated or tumor vasculature. binds to a coagulation factor and are introduced into the 

In yet still further methodological embodiments, it is bloodstream of an animal, 

contemplated that markers of tumor vasculature or. stroma 60 More conventional combination treatment regimens are 

may be specifically induced and then targeted using a also possible where, for example, a tumor coagulating 

binding ligand, such as an antibody. Exemplary inducible element of this invention is combined with an existing 

antigens include E-selectin, P-selectin, MHC Class II antitumor therapy, such as with radiotherapy or 

antigens, VCAM-1, ICAM-1, endoglin, ligands reactive chemotherapy, or through the use of a second immunologi- 

with LAM-1, vascular addressins and other adhesion 65 cal reagent, such as an antitumor immunotoxin. The novel 

molecules, with E-selectin and MHC Class II antigens being treatment methods for benign diseases can also be combined 

currently preferred. with other presendy used therapies. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specifi- 
cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific 
embodiments presented herein. 

FIG. 1. Tethering of tTF to A20 cells via B21-2/10H10 
bispecific antibody. A20 cells were incubated with varying 
concentrations of B21-2/10H10 (□), SFR8/10H10 (•) or 
B21-2/OX7 (o) plus an excess of ^^I-tTF for 1 h at 4** C. in 
the presence of sodium azide. The number of ^^^I-tTF 
associated with the cells was determined as described in 
Example 11. 

FIG. 2. Relationship between number of tethered tTF 
molecules per A20 cell and ability to induce coagulation of 
plasma. A20 cells were incubated with varying concentra- 
tions of B21-2/10H10 plus an excess of tTF for 1 h at 4** C. 
in the presence of sodium azide. The ceUs were washed, 
wanned to 37° C, calcium and mouse plasma were added 
and the time for the first fibrin strands to form was recorded 
(abscissa). An identical study was performed in which the 
A20 cells were incubated for 1 h at 40C with bispecific 
antibody plus ^^I-tTF and the number of tTF specifically 
boimd to the cells was determined as described in Example 
II (ordinate). Plasma added to untreated A20 cells (i.e. zero 
tTF molecules/cell) coagulated in 190 seconds. 

FIG. 3A, FIG. 3B, FIG. 3C and FIG. 3D. Time course of 
vascular thrombosb and tumor necrosis after administration 
of coaguligand. Groups of 3 mice bearing 0.8 cm diameter 
C1300 (Muy) tumors were given an intravenous injection of 
a coaguligand composed of 14 //g B21-2/10H10 and 11 //g 
tTF. FIG. 3 A; Before injection: blood vessels are intact and 
tumor cells are healthy. FIG. 3B; 0.5 hours: blood vessels 
throughout the tumor are thrombosed; tumor cells are 
healthy. FIG. 3C; 4 hours: dense thrombi are present in all 
tumor vessels and tumor cells are separating and developing 
pyknotic nuclei. Erythrocytes are visible in the tumor inter- 
stitium. FIG. 3D; 24 hours: advanced tumor necrosis 
throughout the tumor. Arrows indicate blood vessels. 

FIG. 4. Solid tumor regression induced by tumor- 
vasculature directed coaguligand therapy. Nu/nu mice bear- 
ing approximately 0.8 cm diameter C1300 (Muy) tumors 
were given two intravenous injections of B21-2/10H10 (14 
^g) mixed with tTF (11 fig) spaced 1 week apart (arrows) 
(□). Mice in control groups received equivalent doses of tTF 
alone (•), B21-2/10H10 alone (o) or diluent (■). Other 
control groups which received equivalent doses of isotype- 
matched control bispecific antibodies (SFR8/10H10, OX7/ 
lOHlO or B21-2/OX7) and tTF had similar tumor responses 
to those in animals receiving tTF alone. The number of mice 
per group was 7 or 8. 

FIG. 5. Exemplary antibody-tTF constructs. This figure 
shows both the conjugates synthesized by the linkage of 
chemically derivatized antibody to chemically derivatized 
tTF via a disulfide bond, and also the linkage of various TF 
or TF dimers to antibodies and fragments thereof. 

FIG. 6. Clotting activity of tTF conjugates when bound to 
A20 cells. A20 cells were incubated with varying concen- 
trations of B21-2/10H10 bispecific+H6[tTF] in a 1:1 molar 
ratio, premixed for one hour (D), B21-2 antibody-Hg C[tTF] 
(•), and B21-2 antibody-HJItTF] (A) for 1 hour at 4° C. in 
the presence of sodium azide. The cells were washed, 
warmed to 37° C, calciiim and mouse plasma were added 
and the time for the first fibrin strands to form was recorded. 
The results are expressed as clotting time as a % of the 
clotting time in the absence of tTF. 
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FIG. 7. Clotting activity of anti-tumor cell tTF conjugates, 
LS174T cells (■), Widr cells (•) and H460 cells (A), 
pre incubated with TF9-6B4 and TF8-5G9 antibodies, were 
incubated with varying concentrations of D612 antibody- 

5 H6C[tTF] (■), KSl/4 antibody-HgCtTF] (•), and 
XMMC0791 antibody-H6[tTF] (A) for 1 hour at 4** C. in the 
presence of sodium azide. The cells were washed, warmed 
to 37° C, calcium and mouse plasma were added and the 
time for the first fibrin strands to form was recorded. The 

10 results are expressed as clotting time as a % of the clotting 
time in the absence of tTF. 

FIG. 8. Gla domains (y-carboxy glutamic acid) of Factor 
Il/IIa, Factor Vll/IIa, Factor IX/IXa and Factor X/Xa. The 
arrows represent signal peptide and pro-peptide cleavage 

15 sites and activating cleavage sites (slanted arrows). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Although they show great promise in the therapy of 

20 lymphomas and leukemias (Lowder et al., 1987; \^tetta et 
al., 1991), monoclonal antibodies (MAbs) and immunotox- 
ins (ITs) have thus far proved relatively ineffective in 
clinical trials against carcinomas and other solid tumors 
(Byers & Baldwin, 1988; Abrams & Oldham, 1985), which 

25 account for more than 90% of all cancers in man (Shockley 
et al, 1991). A principal reason for this is that macromol- 
ecules do not readily extravasate into solid tumors (Sands, 
1988; Epenetos et al., 1986) and, once within the tumor 
mass, fail to distribute evenly due to the presence of tight 

30 junctions between tumor cells (Dvorak et al., 1991), fibrous 
stroma (Baxter et al., 1991), interstitial pressure gradients 
(Jain, 1990) and binding site barriers (Juweid et al., 1992). 

In developing new strategies for treating solid tumors, the 
methods that involve targeting the vasculature of the tumor, 

35 rather than the tumor cells themselves, therefore seem to 
offer certain advantages. Inducing a blockade of the blood 
flow through the tumor, e.g., through tumor vasculature 
specific fibrin formation, would interfere with the influx and 
efifliix processes in a tumor site, thus resulting in anti-tumor 

40 effect. Arresting the blood supply to a tumor may be 
accomplished through shifting the procoagulant-fibrinolytic 
balance in the tumor-associated vessels in favour of the 
coagulating processes by specific exposure to coagulating 
agents. 

45 The present invention provides various means for effect- 
ing specific blood coagulation, as exemplified by tumor- 
specific coagulation. This is achieved using bispecific or 
mutlispecific binding ligands in which at least one compo- 
nent is an immunological- or growth factor-based targeting 

50 component, and at least one other component is provided 
that is capable of directly, or indirectly, stimulating coagu- 
lation. 

A. Targetable Disease Sites 

The compositions and methods provided by this invention 

55 are broadly applicable to the treatment of any disease, such 
as a benign or malignant tiunor, having a vascular compo- 
nent. Such vasculature-associated diseases include BPH, 
diabetic retinopathy, vascular restenosis, arteriovenous mal- 
formations (AVM), meningioma, hemangioma, neovascular 

60 glaucoma and psoriasis; and also angiofibroma, arthritis, 
atherosclerotic plaques, corneal graft neovascularization, 
hemophilic joints, hypertrophic scars, osler-weber 
syndrome, pyogenic granuloma retrolental fibroplasia, 
scleroderma, trachoma, vascular adhesions, synovitis, der- 

65 matitis and even endometriosis. 

Typical vascularized tumors are the soUd tumors, particu- 
larly carcinomas, which require a vascular component for 
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the provision of oxygen and nutrients. Exemplary solid nevertheless be found at other sites of the body following 

tumors that may be treated using the invention include, but administration. 

are not limited to, carcinomas of the lung, breast, ovary, 1. Tumor Cell Targets 

stomach, pancreas, larynx, esophagus, testes, liver, parotid. The malignant cells that make up the tumor may be 

biliary tract, colon, rectum, cervix, uterus, endometrium, 5 targeted using a bispecific ligand that has a region capable 

kidney, bladder, prostate, thyroid, squamous cell of binding to a relatively specific marker of the himor cell, 

carcinomas, adenocarcinomas, small cell carcinomas, ^° ^^^^ binding to tumor cells will localize the associated 

melanomas, gliomas, neuroblastomas, and the like. coagulating agent to the tumor, specific coagulation will be 

One binding region of the bispecific agents of the inven- achieved. Furthermore, it is expected that this would be a 

tion will be a component that is capable of delivering the lo Particularly effective means of promoting coagulation as, 

coagulating agent to the mmor region, i.e., capable of f to the physical acc^ibi^ 

localizing within a tumor site, such as those described bispecific agents will likely be concentrated around the 

above. As somewhat wider distribution of the coagulating "^ZLV^ / "^t ""^"^l a 

* -ii ♦ u • * J -^u • J IT . u Many so-called "tumor antigens have been descnbed, 

agent will not be associated with severe side effects, such as u ^ * . • *• 

. , , . , . , , , any one wnicn could be employed as a target in connection 

IS known to occur with a toxm moiety, there is a less 15 ^jth the present invention. A large numl^r of exemplary 

s^mgent requirement unposed on the targeting element of solid tumor-assodated antigens are listed herein in Table I. 

the bispecific hgand. The targetmg agent may thus be The preparation and use of antibodies against such antigens 

du-ected to components of tumor cells; components of tumor is well within the skill of the art, and exemplary antibodies 

vasculature; components that bind to, or are generally asso- are also listed in Table L 

ciated with, tumor cells; components that bind to, or are 20 Another means of defining a targetable tumor is in terms 

generally associated with, tumor vasculature; components of of the characteristics of a tumor cell itself, rather than 

the tumor extracellular matrix or stroma; and even cell types describing the biochemical properties of an antigen 

found within the tumor vasculatiu-e. expressed by the cell. Accordingly, Table II is provided for 

The burden of very stringent targeting, e.g., as imposed the purpose of exemplifying hiunan tumor cell lines that are 

when using immunotoxins, is also lessened due to the fact 25 publically available (from ATCC Catalogue), 

that tumor vasculature is 'pro thrombotic' and is predisposed The information presented in Table II is by means of an 

towards coagulation. Therefore, to achieve specific targeting example, and not intended to be limiting either by year or by 

means that coagulation is promoted in the tumor vasculature scope. One may consult the ATCC Catalogue of any subse- 

relative to the vasculature in non-tumor sites. Thus, specific quent year to identify other appropriate cell lines. Also, if a 

targeting is a functional term rather than a purely physical 30 particular cell type is desired, the means for obtaining such 

term relating to the biodistribution properties of the targeting cells, and/or their instantly available source, will be known 

agent, and it is not unlikely that useful targets may be not be to those of skill in the particular art. An analysis of the 

entirely tumor-restricted, and that targeting ligands which scientific literature will thus readily reveal an appropriate 

are effective to promote tumor-specific coagulation may choice of cell for any tumor cell type desired to be targeted. 

TABLE I 



MARKER ANTIGENS OF SOLID TUMORS AND CORRESPONDING MONOCLONAL ANT[BOD[ES 
Antigen 

Identity/ Monoclonal 
IXimor Site Characteristics Antibodies Reference 



A: Gynecological 


*CA 125' >200 


OC 125 


Kabawat et al., 1983; Szymendera, 


GY 


kD mudn GP 




ovarian 


SOKdGP 


OC133 


Masuko et al. Cancer Res., 1984 


ovarian 


'SGA' 360 Kd GP 


OMI 


de Krester et al., 1986 


ovarian 


High Ml mucin 


Mo vl 


Miotti ct al. Cancer Res., 1985 


ovarian 


High Mj mucin/ 


Mo v2 


Miotti ct al. Cancer Res., 1985 




glycolipid 




ovarian 


NS 


3C2 


T^uji et ah. Cancer Res., 1985 


ovarian 


NS 


4C7 


T^uji et ah. Cancer Res., 1985 


ovarian 


Eligh M, mucin 


ID3 


Gangopadhyay et al., 1985 


ovarian 


High Mj mucin 


DU-PAN-2 


Lan et al., 1985 


GY 


7700 Kd GP 


F 36/22 


Croghan et al., 1984 


ovarian 


*gp 68'48 Kd 
GP 

40, 42kD GP 


4F7/7A10 


Bhattacharya et al., 1984 


GY 


OV-TL3 


Poels et ah, 1986 


GY 


TAG-72' High 
Mj mucin 


B72.3 


Thor et al., 1986 


ovarian 


300-400 KdGP 


DF3 


KuCe et al., 1984 


ovarian 


60 KdGP 


2C^F7 


Bhattacharya et al., 1985 


GY 


105 Kd GP 


MF 116 


Mattes et al., 1984 


ovarian 


38-^kDGP 


MOvl8 


Miotti et al., 1987 


GY 


*CEA' 180 Kd GP 


CEA 11-H5 


Wagener ct al., 1984 


ovarian 


CA 19-9 or GICA 


CA 19-9 (1116NS 19- 
9) 

H17-E2 


Atkinson ct al., 1982 


ovarian 


^PLAP' 67 Kd GP 


McDicken et al., 1985 


ovarian 


72 Kd 


791T/36 


Perkins et al., 1985 


ovarian 


69KdPLAP 


NDOG2 


Sunderland et al., 1984 


ovarian 


unknown M, PLAP 


H317 


Johnson ct al., 1981 


ovarian 


pl85HER2 


4D5, 3H4, 7C2, 6E9, 


Shcpard et al., 1991 
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TABLE I-continued 



MARKER ANTIGENS OF SOLID TUMORS AND CORRESPONDING MONOCLONAL ANTTBODIES 



T^imor Site 



Antigen 
Identity/ 
Characteristics 



Monoclonal 
Antibodies 



Reference 



uteius ovary 
GY 

B: BREAST 



C: COLORECTAL 



HMFG-2 

HMFG-2 

330-450 Kd GF 

NS 

37kD 

NS 

NS 

47 KdGP 
High M, GP 
High M, GP 
NS 
NS 

1 (Ma) blood 
group Ags 
NS 

oestrogen 

receptor 

EGF Receptor 

Laminin 

Re«ptor 

erb B-2 pl85 

NS 

126 Kd GP 

NS 

NS 

95 Kd 
100 Kd 
NS 

24 Kd 
90 KdGP 
CEA & 180 Kd GP 
colonic & 
pancreatic 
mucin similar 
to Ca 19-9 
milk mucin core 
protein 

milk mucin core 
protein 
afl&nity- 
puriiied milk 
mucin 



2C4, 7F3, 2H11, 

3E8, 588, 7D3, SB8 

HMFG2 

3.14.A3 

DF3 

NCRC-H 

3C6F9 

MBE6 

CLNH5 

MAC 40/43 

EMA 

HMFGl HFMG2 

3J5.C3 

M3, M8, M24 

M18 



Epcnetos et al., 1982 
Butchell et a!., 1983 
Hayes ctal., 1985 
Ellis et al, 1984 
MandevUle et al., 1987 
Teramoto et al, 1982 
Glassy et al, 1983 
Kjcldsen et al, 1986 
Sloane et al, 1981 
Arklie et al., 1981 
Arklie et al, 1981 
Foster et al, 1982 
Foster et al, 1984 



67-D-ll Rasmussen et al., 1982 
D547Sp, D75P3, H222 Kinsel et al., 1989 

Anti-EGF Sainsbury et al, 1985 

LR-3 Koran Hand et al, 198S 

TAl Gusterson et al., 1988 

H59 Hendler et al, 1981 

10-3D-2 Soule et al, 1983 

HmABl,2 Imam et al, 1984; Schlom et al, 1985 

MBR 1,2,3 Menard et al, 1983 

24.17.1 Thompson et al, 1983 

24.17.2 (3E1.2) Cioghan et al, 1983 
F36/22.M7/105 Croghanet al, 1984 
Cll, G3, H7 Adams et al, 1983 
B6.2 Colcher et al, 1981 
Bl.l Colcher et al, 1983 

Cam 17.1 In^erial Cancer Research Technology MAb 
listing 



SM3 Imperial Cancer Research Technology Mab 

listing 

SM4 Imperial Cancer Research Technology Mab 

listing 

C-Mul (566) Imperial Cancer Research Technology Mab 

listing 



pl85™^ 


4D5 3H4, 7C2, 6E9, 


Shepard et al, 1991 




2C4, 7F3, 2H11, 






3ES, 5B8, 7D3, 5B8 




CA 125 > 200 Kd 


OC 125 


Kabawat et al, 1985 


GP 






High M, mucin/ 


MO v2 


Miotti et al., 1985 


glycolipid 






High Mj mucin 


DU-PAN-2 


Lan et al, 1984 


'gp48' 48 Kd GP 


4F/7Aio 


Bhattacharya et al, 1984 


300-400 Kd GP 


DF3 


Kufc et al, 1984 


'TAG-72* high 


B72.3 


Thor et al, 1986 


M, mucin 






'CEA* ISO Kd GP 


cccccCEAll 


Wagener et al, 1984 


'FLAP' 67 Kd GP 


H17-E2 


McDickea et al., 1985 


HMFG-2 > 400 Kd 


3,14.A3 


Burchell et al, 1983 


GP 




NS 


F023C5 


Riva et'al., 1988 


TAG-72 High M, 


B72.3 


Colcher et al, 1987 


mucin 






GP37 


(17-lA) 1083-17-lA 


Paul et al, 1986 


Surfece GP 


C017-1A 


LoBuglio et al., 1988 


CEA 


ZCE-025 


Patt ct al, 1988 


CEA 


AB2 


Griffin et al, 1988a 


cell surface AG 


HT-29-15 


Cohn et al, 1987 


secretory 


250-30.6 


Leydem et al, 1986 


epithelium 






sur&ce 


44 X 14 


Gallagher et al, 1986 


glycoprotein 




NS 


A7 


Takahashi et al, 1988 
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TABLE I-continued 



MARKER ANTIGENS OF SOLID TUMORS AND CORRESPONDING MONOCLONAL ANTTBOPrES 



Ttunor Site 



Antigen 
Identity/ 
Characteristics 



Monoclonal 
Antibodies 



Reference 



D; MELANOMA 



E: 

GASTROINTESTINAL 
pancreas, stomach 
gall bladder, 
pancreas, stomach 
pancreas 

pancreas, stomach, 
oesophagus 
stomach 
pancreas 

ai 

pancreas, stomach 

pancreas 
F: LUNG 
non-small cell 
lung carcinoma 



NS 
NS 

cell membrane & 
cytoplasmic Ag 
CEA & vindesine 
gp72 

high M, mucin 
high Mi mucin 
CEA 180 Kd GP 
60KdGP 
CA-19-9 (or 
GICA) 
Lewis a 

Lewis a 

colonic muois 

p97* 
p97* 

p9T 
p97d 
p97e 
pl55 

Gq3 disialogan- 
glioside 

p210, p60, p250 
p280 p440 
GP 94, 75, 70 & 
25 

P240-P250, P450 

100, 77, 75 Kd 

94 Kd 

4 GP chains 

GP 74 

GP 49 

230 Kd 

92 Kd 

70 Kd 

HMW MAA simUar 
to 9.2.27 AG 
HMW MAA fiimUar 
to 9.2,27 AG 
GP95 similar to 
376,968 465.12S 
GP125 
CD41 

high M, mucin 



GA73.3 
791T/36 
28A32 

28.19.8 

X MMCO-791 

DU-PAN-2 

ID3 

CEA 11-H5 

CA-19-9 (1116NS 19- 
9) 

PR5C5 

PR4D2 

PR4D1 

4.1 
8.2 
96.5 

118.1, 133.2, 
(113.2) 

l-i, Ljo, RjoCRip) 

I12 
K5 

6.1 
R24 

5.1 

225.28S 
465.12S 

9.2.27 
Fll 

376.96S. 
465.12S 
15.75 
15.95 
Mel-14 
Mcl-12 
Me3-TB7 
225.28SD 

763.24TS 

705F6 

436910 
M148 

ID3 



Munz et al., 1986 
Farrans et al., 1982 
Smith et al., 1987 

Corvalen, 1987 
Byers ct al., 1987 
Lan et al,, 1985 
Gangopadhyay et al., 1985 
Wagener et al, 1984 
Bhattacharya et al., 1985 
Atkinson ct al., 1982 

Imperial Cancer Research Technology Mab 
Listing 

Imperial Cancer Research Technology Mab 
Listing 

Imperial Cancer Research Technology Mab 
Listing 

Woodbury et al., 1980 
Brown, et al., 1981a 
Brown, et al, 1981a 
Brown, et al, 1981a 

Brown et al., 1981b 
Brown et al., 1981b 
Brown et al, 1981b 
Loop et al, 1981 
Dippold ct al,, 1980 

Loop eL al, 1981 
Wilson et al, 1981 
Wilson et al, 1981 

Reisfeld et al., 1982 
Chee ct al, 1982 
Imai et al„ 1982 

Imai et al, 1982; Wilson et al, 1981 
Johnson & Reithmullcr, 1982 
Johnson & Reithmuller, 1982 
Carrel et al, 1982 
Carrel et al, 1982 
Carrel et all 1:387, 1982 
Kantor et al, 1982 

Kantor et al, 1982 

Stuhlmiller et al., 1982 

Saxton ct al, 1982 

Inq}erial Cancer Research Technology Mab 
listing 

Gangopadhyay et al, 1985 



high M, mucin 


DU-PAN-2 


Lan et al, 1985 


NS 


OV-TU 


Poels et al, 1984 


TAG-72' high 


B72.3 


Thor et al, 1986 


M, mucin 






'CEA* 180 Kd GP 


CEA 11-H5 


Wagener ct al, 1984 


HMFG-2 > 400 Kd 


3.14.A3 


BurchcU ct al, 1983 


GP 




NS 


CCOU 


LemJdn et al, 1984 


CA 19-9 (or 


CA-19-9 (in6NS 19- 


Szymendcra, 1986 


GICA) 


9) and CA50 




CA125 GP 


OC125 


Szymendcra, 1986 


pl85™^ 


4D5 3H4, 7C2, 6E9, 


Shepard et al, 1991 




2C4, 7F3, 2H11, 




3E8, 5B8, 7D3, SB8 




high M, mucin/ 


MO v2 


Miotti et al, 1985 


glycolipid 






'TAG-72' high 


B72.3 


Thor et al, 1986 



M, mucin 
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TABLE I-continued 



MARKER ANTIGENS OF SOLID TUMORS ANfD CX>RRESPONDING MONOCLONAL ANTBODIES 
Antigen 

Identity/ Monoclonal 
"nimor Site Characteristics Antibodies Reference 





high Mj mucin 


DU-PAN-2 




'CEA* 180 kD GP 


CEA 11-H5 


Malignant Gliomas 


cytoplasmic 


MUC 8-22 




antigen from 






85HG-22 cells 






cell surface Ag 


MUC 2-63 




from 85HG-63 






cells 






cell surface Ag 


MUC 2-39 




from86HG-39 






cells 






cell surface Ag 


MUC 7-39 




from 86HG-39 






cells 




G: MISCELLANEOUS 


p53 


PAb240 






PAb 246 






PAb 1801 


small round cell 


neural cell 


ERICl 


tumors 


adhesion 






molecule 




meduUoblastoma 




M148 


neuroblastoma 






rhabdomyosarcoma 






neuroblastoma 




FMH25 


renal cancer & 


pl55 


6.1 


glioblastomas 
bladder & 


"Ca Antigen" 


CAl 


laryngeal cancers 


350-390 kD 




neuroblastoma 


GD2 


3F8 


Prostate 


gp48 48kD GP 


4F/7Aio 


Prostate 


60kDGP 


2Ce/2F7 


Thyroid 


*CEA' 180 kD GP 


CEA 11-H5 



Lan et al., 1985 
Wagcner et al., 1984 
Stayrou, 1990 



Stavrou, 1990 



Stavrou, 1990 



Stavrou, 1990 



Imperial Cancer Research Technology MaB 
Listing 

Imperial Cancer Research Technology MaB 
Listing 

Imperial Cancer Research Technology MaB 
Listing 

Inqjerial Cancer Research Technology MaB 
Listing 

Loop ct al, 1981 

Ashall et al., 1982 

Cheung et al., 1986 
Bhattacharya et al., 1984 
Bhattacharya et al., 1985 
Wagener et al., 1984 



abbreviations: Abs, antibodies; Ags, antigens; EGF, epidermal growth fector, GI, gastrointestinal; GICA, gastrointestinal- 
associated antigen; GP, glycoprotein; GY, gynecological; HMFG, human milk fat globule; Kd, kilodaltons; Mabs, 
monoclonal antibodies; M,, molecular weight; NS, not specified; PLAP, placental alkaline phosphatase; TAG, tumor- 
associated glycoprotein; CEA, carcinoembryonic antigen. 

footnotes: the CA 19-9 Ag (GICA) is sialosylfticosyllactotetraosylceramide, also termed sialylated Lewis pentaglycosyl 
ceramide or sialyated lacto-N-fiicopentaose II; p97 Ags are believed to be chondroitin sulphate proteoglycan; antigens 
reactive with Mab 9,2.27 are believed to be sialylated glycoproteins associated with chondroitin sulphate proteoglycan; 
unless specified, GY can include cancers of the cervix, endoccrvix, endometrium, fellopian tube, ovary, vagina or mixed 
MuUerian tumor; unless specified GI can include cancers of the liver, small intestine, spleen, pancreas, stomach and 
oesophagus. 



TABLE II 



HUMAN TUMOR CELL UNES AND SOURCES 

ATVC HTB 

NUMBER CELL LINE TUMOR TYPE 



1 


J82 


Transitional-cell carcinoma, bladder 


2 


Kr4 


Transitional-cell papilioma, bladder 


3 


St^BER 


Squamous carcinoma, bladder 


4 


T24 


Transitional-cell carcinoma, bladder 


5 


TCCSUP 


Transitional-cell carcinoma, bladder, primary 






grade IV 


9 


5637 


Carcinoma, bladder, primary 


10 


SK-N-MC 


Neuroblastoma, metastasis to supra-orbital 


11 


SK-N-SH 


area 

Neuroblastoma, metastasis to bone marrow 


12 


SW1088 


Astrocytoma 


13 


SW 1783 


Astrocytoma 


14 


U-87MG 


Glioblastoma, astrocytoma, grade in 


15 


U-118 MG 


Glioblastoma 


16 


U-138 MG 


Glioblastoma 


17 


U-373 MG 


Glioblastoma, astrocytoma, grade III 


18 


Y79 


Retinoblastoma 


19 


BT-20 


Carcinoma, breast 


20 


BT-474 


Ductal carcinoma, breast 


22 


MCF7 


Breast adenocarcinoma, pleural effusion 



25 
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TABLE Il-continued 

HUMAN TUMOR CELL LINES AND SOURCES 



ATTC HTB 

NUMBER CELL LINE TUMOR TYPE 



23 




Breast} ductal carcmoma^ pleura t effusion 


24 




UIC<lM UlCUUlldj Wli^UIVfUlaj UlCUIal CUUolUU 


25 


MDA-MB-175-VII 


Breast, ductal caicinomBj pleural cfiEuslon 


27 


MDA-MB-361 


AdcQocatctnoma, breast^ metastasis to brain 


30 


SK-BR-3 


Adenocarcinoma^ breast, malignant pleural 








31 


C-33 A 




32 


HT-3 


f^rcinomfl c^rviT m^^flsfnci* tn Ivmnfi nnA^ 


33 


ME-180 


Epidermoid carcinoma, cervix, metastasis to 






omentum 


34 


MS751 


Epidermoid carcinoma, cervix, metastasis to 






lympa nouc 


35 


SiHa 


Squamous carcinoma, cervix 


36 


JEG-3 




37 


Qico-2 


Adenocarcinoma colon 


38 


irr-29 


Adenocarcinoma J colon, moderately well- 






differcn tinted grade II 


39 


SK-CO-1 




40 




Adenocarcinoma, duodenum 


41 


A-253 


PmHpfmniH r*fiTr*inr\Tnfi CTil^Ttiovillanr AlavtH 
l-^lUdUlULU UalL-LUUUla, oUUUlaAUidry glaUO 


43 


FaDu 


Squamous cell carcinoma, pharynx 


44 


A-498 


Carcinoma, Icidney 


45 


A-704 




46 


C&ki-l 


v^l^ii^i ^^11 ull wLLtVJIilcl, wUlutOtCIlL WiUl ICilAi 






primary, metastasis to slQ.n 


47 


Caki-2 








primary 


48 


SK-NEP-1 


A^^ms' tumor, pleural effusion 


49 


SW 839 


Adenocarcinoma, iQdney 


52 


SK-HEP-1 


Adenocarcinoma 1 iver ascites 


53 


A-427 


Carcinoma, lung 


54 


Calu-1 


HrHH^rmriiH r^rfinnmn trraf^^ m Itma 






metastasis to pleura 


55 


Calu-3 




56 


Calu-6 


Anaplastic carcinoma, probably lung 


57 


SK-LU-1 


Adenocarcinoma, lung consistent with poorly 






di£ferentiated, grade ID 


58 


SK-MES-1 


Scuamous carcinoma^ lung pleural e^^ision 


59 


SW 900 


Scuamous cell carcinoma, lung 


60 


EBl 


Burkut lymphoma, upper maxilla 


61 


EB2 


RiirlfiH* lymphoma, ovary 


62 


P3HR-1 


Burkitt lymphoma, ascites 


63 


HT-144 


Malignant melanoma, metastasis to subcutaneous 






tissue 


64 


Malmc-3M 


Malignant melanoma, metastasis to lung 


66 


RPMI-7951 


Malignant melanoma, metastasis to lyn^h node 


67 


SK-MEU 


Malignant melanoma, metastasis to lymphatic 






system 


68 


SK-MEL-2 


Malignant melanoma, metastasis to skin of 






thigh 


69 


SK-MEL-3 


Malignant melanoma meta*:tn<;ic tn Ivmnh nnH^ 


70 


SK-MEL-S 


Malignant melanoma, metastasis to axillary 








71 


SK-MEL-24 


^^alitmfint m^lflnnnifi mpfncfacic tf\ nnA^ 
LTicm^uaLiL uiviali^illa, ill w uioul j> I ft %\j Uuuc 


72 


SK-MEL-28 


Malignant melanoma 


73 


SK-MEL-31 


Mnlignant melanoma 


75 


Caov-3 


Adenocarcinoma, ovary, consistent with primary 


76 


Caov-4 


Adenocarcinoma, ovary, metastasis to sid)serosa 






of £aIIopian tube 


77 


SK-OV-3 


Adenocarcinoma, ovary, malignant ascites 


78 


SW 626 


Adenocarcinoma, ovary 


79 


Capan-1 


Adenocarcinoma, pancreas, metastasis to liver 


80 


Capan-2 


Adenocarcinoma, pancrease 


81 


DU 145 


Carcinoma, prostate, metastasis to brain 


82 


A-204 


Rhabdomyosarcoma 


85 


Saos-2 


Osteogenic sarcoma, primary 


86 


SK-ES-1 


Anaplastic osteosarcoma versus Ewing sarcoma. 






bone 


88 


SK-LMS-1 


Leiomyosarcoma, vulva, primary 


91 


SW 684 


Fibrosarcoma 


92 


SW 872 


. Liposarcoma 


93 


SW 982 


Axilla synovial sarcoma 


94 


SW 1353 


Chondrosarcoma, humerus 


96 


U-2 OS 


Osteogenic sarcoma, bone primary 
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TABLE Il-continued 

HUMAN TUMOR CELL LINES AND SOURCES 

ATTCHTB 



NUMBER 


CELL UNE 


TUMOR TYPE 


102 




oJuo noroDiasi 




1SJ\1\J 111 


Gastric carcinoma 






Embryonal caicmoma, testis, metastasis to 






lymph node 




Tera-1 


Emoryonal carcinoma, malignancy consistent 






with metastasis to lung 


lUO 


Tera-2 


Embryonal carcinoma, malignancy consistent 






with, metastasis to lung 


107 


SW579 


Thyroid carcinoma 


111 


AN3 CA 


Endometrial adenocarcinoma, metastatic 




HEC-l-A 


Endometrial adenocarcinoma 


113 


HEC-l-B 


Endometrial adenocarcinoma 


114 


SK-UT-1 


Uterine, mixed mesodermal tumor, consistent 






with leiomyosarcoma grade ni 


115 


t>K.-Lfl-liJ 


Uterine, mixed mesodermal tumor, consistent 






with leiomyosarcoma grade III 


117 


SW 954 


Squamous cell carcinoma, vulva 


11ft 


&w yoz 


Carcinoma, vulva, lymph node metastasis 


119 


NCI-H69 


Small cell carcinoma, lung 


nn 

iZU 




Small cell carcinoma, lung 


ni 


Dl-*K>J 


Ductal carcinoma, breast 


122 


BT-549 


Ductal carcinoma, breast 






Metastatic cutaneous nodule, breast carcinoma 


124 


HTiT inn 


Breast 


125 


He <7ft'Rct 


Breast, normal 




rlS 3 /ol 


Ductal carcinoma, breast 


IZ/ 


MUA-MB-jjO 


Carcinoma, breast 


lift 




Adenocarcinoma, breast 


129 


VfD A _\>rR -4 1 < ^ 


Ductal carcinoma, breast 




MUA-Mi3-43o 


Adenocarcinoma, breast 


111 




Carcinoma, breast 


132 




Adenocarcinoma, breast 


1 11 


T A7r» 


Ductal carcinoma, breast, pleural ejQ^usion 


1 14 


iXS /OOl 


Carcinoma, pancreas, metastatic to lymph node 


ii< 


rlS /401 


Carcinoma, stomach, metastatic to left leg 


117 
J. J / 


IIS oyji 


Amelanotic melanoma, metastatic to lymph node 


138 


Hs 683 


Glioma 


140 


Hs 294T 


Melanoma, metastatic to lymph node 


142 


Els 602 


Lymphoma, cervical 




TAD 
J/VK 


Choriocarcinoma, placenta 




T_T„ >(il< 

rtS ^F+D 


Lymphoid, HodgJon s disease 


147 


ns /uui 


Adenocarcinoma, metastatic to pelvis 


148 


H4 


Neuroglioma, brain 


151 


Hs 696 


Adenocarcinoma primary, unknown, metastatic to 






bo ne- sacrum 


152 


He 01 TT 
lis >Ui 


Fibrosarcoma, metastatic to lung 


153 


Hs 729 


Rhabdomyosarcoma, left leg 


157 




Lung, normal fetus 


158 




^Vhole embryo, normal 


i/;n 

iOU 


rclS /JO 131 


Bladder, normal fetus 


i/?i 

iOi 


IN Irl. U V L-AK- J 


Ovary, adenocarcinoma 


163 


Hs 67 


Tliymus, normal 


166 


RD-ES 


Ewing's sarcoma 


168 


^CavJXJ 


Bronchogenic carcinoma, subcutaneous 






uicuiauiaut, ouuiaU 


i#;o 


WtKl-Ko-l 


Retinoblastoma 


iTi 
1 /i 


KI^^ VSAAA. 

rMt,l-rl44o 


Small cell carcinoma, lung 






Small cell carcinoma, lung 






Small cell carcinoma, lung 


174 


Na-H441 


Papillary adenocarcinoma, lung 


175 


Na-H82 


Small cell carcinoma, lung 


176 


H9 


T-cell lymphoma 


111 


Na-H460 


Large cell carcinoma, lung. 


178 


Na-H596 


Adenosquamous carcinoma, lung 


179 


Na-H676B 


Adenocarcinoma, lung 


180 


Na-H345 


Small cell carcinoma, lung 


181 


NCI-H820 


Papillary adenocarcinoma, lung 


182 


NCI-H520 


Squamous cell carcinoma, lung 


183 


Na-H661 


Large cell carcinoma, lung 


184 


NCI-H510A 


Small cell carcinoma, extra-pulmonary origin. 






metastatic 


185 


D283 Med 


MeduUoblastoma 


186 


Daoy 


Medulloblastoma 


187 


D341 Med 


MeduUoblastoma 
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TABLE Il-coatinued 



HUMAN TUMOR CELL LINTES AND SOURCES 

ATTC HTB 

NUMBER CELL LINE TUMOR TYPE 

188 AMLrl93 Acute monocyte leukemia 

189 MV4-11 Leukemia biphcnotypc 



(a) Anti-Tumor Cell Antibodies No. 5,242,813; Brinkmann et al., 1991) has ATCC Acces- 

A straightforward means of recognizing a tumor antigen sion No. HB 10573; KSl/4 can be made as described in U.S. 

Urget is through the use of an antibody that has binding Pat. No. 4,975,369; and D612(U.S. Pat. No. 5,183,756) has 

affinity for the particular antigen. An extensive number of ATCC Accession No. HB 9796. 

antibodies are known that are directed against solid tumor Another means of defining a tumor-associated target is in 
antigens. Certain useful anti-tumor antibodies are listed terms of the characteristics of the tumor cell, rather than 
above in Table L However, as will be instantly known to describing the biochemical properties of an antigen 
those of skill in the art, certain of the antibodies listed in expressed by the cell. Accordingly, the inventors contem- 
Table I will not have the appropriate biochemical properties, plate that any antibody that preferentially binds to a tumor 
or may not be of sufficient tumor specificity, to be of use cell listed in Table II may be used as the targeting component 
therapeutically. An example is MUC8-22 that recognizes a of a bispecific ligand. The preferential tumor cell binding is 
cytoplasmic antigen. Antibodies such as these will generally again based upon the antibody exhibiting high affinity for the 
be of use only in investigational embodiments, such as in tumor cell and not having significant reactivity with life- 
model systems or screening assays. sustaining normal cells or tissues, as defined above. 

Generally speaking, antibodies for use in these aspects of 25 The invention therefore provides several means for gen- 
the present invention will preferably recognize antigens that crating an antibody for use in the targeted coagulation 
are accessible on the cell-surface and that are preferentially, methods described herein. To generate a tumor cell-specific 
or specifically, expressed by tumor cells. Such antibodies antibody, one would immunize an animal with a composi- 
will also preferably exhibit properties of high affinity, such tion comprising a tumor cell antigen and, as described more 
as exhibiting a of <200 nM, and preferably, of <100 nM, 30 fiiUy herein below, select a resultant antibody with appro- 
and will not show significant reactivity with life-sustaining priate specificity. The immunizing composition may contain 
normal tissues, such as one or more tissues selected from a purified, or partially purified, preparation of any of the 
heart, kidney, brain, liver, bone marrow, colon, breast, antigens in Table I; a composition, such as a membrane 
prostate, thyroid, gall bladder, lung, adrenals, muscle, nerve preparation, enriched for any of the antigens in Table I; any 
fibers, pancreas, skin, or other life-sustaining organ or tissue 35 of tiie cells listed in Table .II; or a mixture or population of 
in the human body. The "life-sustaining** tissues that are the cells that include any of the cell types listed in Table II. 
most important for the purposes of the present invention. Of course, regardless of the source of the antibody, in the 
from the standpoint of low reactivity, include heart, kidney, practice of the invention in human treatment, one will prefer 
central and peripheral nervous system tissues and liver. The to ensure in advance that the clinically-targeted tumor 
term "significant reactivity", as used herein, refers to an 40 expresses the antigen ultimately selected. This is achieved 
antibody or antibody fi"agment, that, when appUed to the by means of a fairly straightforward assay, involving anti- 
particular tissue under conditions suitable for genically testing a tumor tissue sample, for example, a 
immunohistochemistry, will elicit either no staining or neg- surgical biopsy, or perhaps testing for circulating shed 
ligible staining with only a few positive cells scattered antigen. This can readily be carried out in an immunological 
among a field of mostly negative cells. 45 screening assay such as an ELISA (enzyme-linked immun- 

Particularly promising antibodies from Table I contem- osorbent assay), wherein the binding affinity of antibodies 

plated for use in the present invention are those having high firom a "bank** of hybridomas are tested for reactivity against 

selectivity for the solid tumor. For example, antibodies the tumor. Antibodies demonstrating appropriate tumor 

binding to TAG 72 and the HER-2 proto-oncogene protein, selectivity and affinity are then selected for the preparation 

which are selectively found on the surfaces of many breast, 50 of bispecific antibodies of the present invention, 

lung and colorectal cancers (Thor et al., 1986; Colcher et al.. Due to the well-known phenomenon of cross-reactivity, it 

1987; Shepard et al., 1991); M0vl8 and 0V-TL3 and is contemplated that useful antibodies may result from 

antibodies that bind to the milk mucin core protein and immunization protocols in which the antigens originally 

human milk fat globule (Miotti et al., 1985; Burchell et al., employed were derived firom an animal, such as a mouse or 

1983); and the antibody 9.2.27 that binds to the high 55 a primate, in addition to those in which the original antigens 

melanoma antigens (Reisfeld et al,, 1982), Further use fill were obtained from a human cell. Where antigens of human 

antibodies are those against the folate-binding protein, origin are used, they may be obtained from a human tumor 

which is known to be homogeneously expressed in almost cell Hne, or may be prepared by obtaining a biological 

all ovarian carcinomas; those against the erb family of sample firom a particular patient in question. Indeed, meth- 

oncogenes that are over-expressed in squamous cell carci- 60 ods for the development of antibodies that are "custom- 

nomas and the majority of gliomas; and other antibodies tailored** to the patient's tumor are known (Stevenson et al., 

known to be the subject of ongoing pre-clinical and cUnical 1990) and are contemplated for use in connection with this 

evaluation. invention. 

The antibodies B3, KSI/4, CC49, 260F9, XMMCO-791, (b) Further Tumor CeU Targets and Binding Ligands 

D612 and SM3 are believed to be particularly suitable for 65 In addition to the use of antibodies, other ligands could be 

use in cHnical embodiments, following the standard pre- employed to direct a coagulating agent to a tumor site by 

clinical testing routinely practiced in the art. B3 (U.S. Pat. binding to a tumor cell antigen. For tumor antigens that are 
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over-expressed receptors (oestrogen receptor, EGF lature. These targeting components may be defined as com- 
receptor), or mutant receptors, the corresponding ligands ponents that bind to molecules expressed on tumor 

could be used as targeting agents. endothelium, but that have little or no expression at the 
In an analogous manner to endothelial cell receptor surface of normal endothelial cells. Such specificity may be 
ligands, there may be components that are specifically, or 5 assessed by the standard procedures of immunostaining of 
preferentially, bound to tumor cells. For example, if a tumor tissue sections, which are routine to those of skill in the art. 

antigen is an over-expressed receptor, the tumor cell may be However, as stated above, an advantage of the present 

coated with a specific ligand in vivo. It seems that the ligand invention is that the requirement for selectivity is not as 

could then be targeted either with an antibody against the stringent as previously needed in the prior art methods, 

ligand, or with a form of the receptor itself. Specific lo especially those employing immunotoxins, because any side 

examples of these type of targeting agents are antibodies effects associated with the mis-targeting of the coagulating 

against TIE-1 or TJE-2 ligands, antibodies against platelet agent will be minimal in comparison to those resulting from 

factor 4, and leukocyte adhesion binding protein. the mis- targeting of a toxin. 

2, Other Disease Targets Therefore, it is generally proposed that the molecules to 
In further embodiments, the first binding region may be a 15 be targeted using the bispecific ligands or antibodies of this 

component that binds to a target molecule that is specifically invention will be those that are expressed on tumor vascu- 

or preferentially expressed in a disease site other than a lature at a higher level than on normal endothelial cells, 

tumor site. (a) Vascular Endothelial Cell Markers in Disease 

Exemplary target molecules associated with other dis- Molecules that are known to be preferentially expressed at 

eased cells include, for example, leukocyte adhesion 20 the surface of vascular endothelial cells in a disease site or 

molecules, that are associated with psoriasis; FGF, that is environment are herein termed "natural disease-associated 

associated with proliferative diabetic retinopathy; platelet vascular endothelial cell markers". This term is used for 

factor 4, that is associated with the activated endothelium of simplicity to refer to the endothelial ceU components that are 

various diseases; and VEGF, that is associated with vascular expressed in diseases connected with increased or inappro- 

proliferative disease. It is believed that an animal or patient 25 priate angiogenesis or endothelial cell proliferation. One 

having any one of the above diseases would benefit from the particular example are the tumor endothelial cell compo- 

specific induction of coagulation in the disease site. nents that are expressed in situ in response to tumor-derived 

Diseases that are known to have a common angio- factors. These components are also termed "naturally- 
dependent pathology, as described in Klagsburn & Folkman induced tumor endothelial cell markers". 
(1990), may also be treated with bispecific ligand as 30 Both VEGFAT'F (vascular endothelial cell growth factor/ 
described herein. In particular, a vascular endothelial cell- vascular permeability factor) and components of the FGF 
targeted ligand or a stroma-targeted ligand will be used to (fibroblast growth factor) family are concentrated in or on 
achieve coagulation in the disease site. The treatment of tumor vasculature. The corresponding receptors therefore 
BPH, diabetic retinopathy, vascular restenosis, vascular provide a potential target for attack on tumor vasculature, 
adhesions, AVM, meningioma, hemangioma, neovascular 35 For example, VEGF receptors are known to be upregulated 
glaucoma, rheumatoid arthritis and psoriasis are particularly on tumor endothelial cells, as opposed to endothelial cells in 
contemplated at the present time. normal tissues, both in rodents and man (Thieme et al., 

3. Disease-Associated Vasculature Cell Targets 1995). Possibly, this is a consequence of hypoxia — a char- 
The cells of the vasculature are intended as targets for use acteristic of lie tumor microenvironment (Leith et al., 

in the present invention. In these cases, one binding region 40 1992). FGF receptors are also upregulated three-fold on 

of the bispecific ligand will be capable of binding to an endothelial cells exposed to hypoxia, and so are believed to 

accessible marker preferentially expressed by disease- be upregulated in tumors (Bicknell and Harris et al., 1992), 

associated vasculature endothelial cells. The exploitation of The TGF p (transforming growth factor P) receptor 

the vascular markers is made possible due to the proximity (endoglin) on endothelial cells is upregulated on dividing 

of the vascular endothelial cells to the disease area and to the 45 cells, providing another target. One of the present inventors 

products of the local aberrant physiological processes. For found that endoglin is upregulated on activated and dividing 

example, tumor vascular endothelial cells are exposed to HUVEC in culture, and is strongly expressed in human 

tumor cells and tumor-derived products that change the tissues on endothelial cells at sites of neovascularization, 

phenotypic profile of the endothelial cells. including a broad range of solid tumors and fetal placenta. 

Tumor cells are known to elaborate tumor-derived 50 In contrast, endothelial cells in the majority of miscella- 

products, such as lymphokines, monokines, colony- neous non-malignant adult tissues, including preneoplastic 

stimulating factors, growth factors and angiogenic factors, lesions, contain little or no endoglin. Importantly, endoglin 

that act on the nearby vascular endothelial cells (Kandel et expression is believed to correlate with neoplastic progres- 

al, 1991; Folkman, 1985a,b) and cytokines (Burrows et al., sion in the breast, as shown by benign fibroadenomas and 

1991; Ruco et al., 1990; Borden et al, 1990), The tumor 55 early carcinomas binding low levels of TEC-4 and TEC-11 

products bind to the endothelial cells and serve to selectively antibodies (ATCC HB-12312 and ATCC HB-12311, 

induce expression of certain molecules. It is these induced respectively), and late stage intraductal carcinomas and 

molecules that may be targeted using the tumor invasive carcinomas binding high levels of these antibodies, 

endothelium-specific coagulant delivery provided by certain Other natural disease-associated vascular endothelial cell 

aspectsof the present invention. Vascular endothelial cells in 60 markers include a TIE, VCAM-1, P-selectin, E-selectin, 

tumors proliferate at a rate 30-fold greater than those in integrin,pleiotropin and endosialin, each of which may 

miscellaneous normal tissues (Denekamp et al,, 1982), sug- be targeted using the invention, 

gesting that proliferation-linked determinants could also (b) Cytokine-Inducible Vascular Endothelial Markers 
serve as markers for tumor vascular endothelial cells. Due to the nature of disease processes, which often result 
In certain embodiments of the invention, the targeting 65 in localized dysfunction within the body, methods are avail- 
component of the bispecific ligands will be a component that able to manipulate the disease site whilst leaving other 
has a relatively high degree of specificity for tumor vascu- tissues relatively imaffected. This is particularly true in 
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malignant and benign tumors, which exist as distinct entities Tumor endothelial markers can be induced by tumor- 

within the body of an animal. For example, the tumor derived cytokines (Burrows et aL, 1991; Ruco et aL, 1990) 

environment may be manipulated to create additional mark- and by angiogenic factors (Mignatti et aL, 1991). Examples 

ers that are specific for tumor vascular endothelial ceUs. of cell surface markers that may be specifically induced in 

These methods generally mimic those that occur naturally in 5 the tumor endothelium and then targeted using a bispecific 

solid tumors, and also involve the local production of coagulating ligand, as provided by the invention, include 

signalling agents, such as growth factors or cytokines, that those listed in Table III (Bevilacqua et al., 1987; Dustin et 

induce the specific expression of certain molecules at the aL, 1986; Osbom et aL, 1989; Collins et al., 1984). 

siu-face of the nearby vascular endothelial cells. The mechanisms for the induction of the proposed mark- 

The group of molecules that may be artificially induced to lo ers; the inducing, or "intermediate cytokine", such as IL-1 

be expressed at the surface of vascular endothelial cells in a and IFN-y; and the leukocyte cell type and associated 

disease or tumor environment are herein termed "inducible cytokine-activating molecule, whose targeting will result in 

endothelial cell markers", or specifically, inducible tumor the release of the cytokine, are also set forth in Table IIL In 

endothelial cell markers. This term is used to refer to those the induction of a specific marker, a bispecific "cytokine- 

markers that are artificially induced, i.e., induced as a result 15 inducing" or "antigen-inducing" antibody is generally 

of manipulation by the hand of man, rather than those that required. This antibody will selectively induce the release of 

are induced as part of the disease or tumor development the appropriate cytokine in the locale of the tumor, thus 

process in an animal. The term "inducible marker**, as selectively inducing the expression of the desired target 

defined above, is chosen for simple reference in the context antigen by the vascular endothelial cells. The bispecific 

of the present application, notwithstanding the fact that 20 antibody cross-links cells of the tumor mass and cytokine- 

"natural markers" are also induced, e.g., by tumor-derived producing leukocytes, thereby activating the leukocytes to 

agents. release the cytokine. 

Thus, although not required to practice the invention. Hie preparation and use of bispecific antibodies such as 

techniques for the selective elicitation of vascular endothe- these is predicated in part on the fact that cross-linking 

lial antigen targets on the surface of disease-associated 25 antibodies recognizing CD3, CD14, CD16 and CD28 have 

vasculature are available that may, if desired, be used in previously been shown to elicit cytokine production selec- 

conj unction with the invention. These techniques involve lively upon cross-linking with the second antigen (Qian et 

manipulating the antigenic expression, or cell surface aL, 1991). In the context of the present invention, since only 

presentation, such that a target antigen is expressed or successfully tumor cell-crosslinked leukocytes will be acti- 

rendered available on the surface of disease-associated vas- 30 vated to release the cytokine, cytokine release will be 

culature and not expressed or otherwise rendered accessible restricted to the locale of the tumor. Thus, expression of the 

or available for binding, or at least to a lesser extent, on the desired marker, such as E-selectin, will be similarly limited 

surface of normal endothelium. to the endothelium of the tumor vasculature. 
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It is important to note that, from the possible inducible expression of cytokine-induced molecules, e.g., E-se lectin, 
markers listed in Table III, E-selectin and MHC Qass II will occur only within the tumor endothelium, 

antigens, such as HLA-DR, HLA-DP and HLA-DQ (Collins A number of useful "cytokine activating" antigens are 
et al., 1984), are by far the most preferred targets for use in known, which, when cross-linked with an appropriate bispe- 
connection with clinical embodiments. The other adhesion 5 cific antibody, will result in the release of cytokines by the 
molecules of Table III appear to be expressed to varying cross-linked leukocyte. The generally preferred target for 

degrees in nonmal tissues, generally in lymphoid organs and this purpose is CD 14, which is found on the surface of 

on endothelium, making their targeting perhaps appropriate monocytes and macrophages. When CD14 is cross linked it 

only in animal models or in cases where their expression on stimulates monocytes/macrophages to release IL-1 (Schutt 

normal tissues can be inhibited without significant side- lO et al., 1988; Chen et al., 1990), and possibly other cytokines, 

effects. The targeting of E-selectin or an MHC Class II which, in turn stimulate the appearance of E-selectin on 

antigen is preferred as the expression of these antigens will nearby vasculature. Other possible targets for cross-linking 

likely be the most direct to promote selectively in tumor- in connection with E-selectin induction and targeting 

associated endotheliimi. include FcR for IgE, found on Mast cells; FcR for IgG 

E-selectin is (CD16), found on NKcells; as weU as CD2, CD3 or CD28, 

The targeting of an antigen that is not expressed on the found on the surfaces of T cells. Of these, CD14 targeting is 
surfaces of normal endothelium is the most straightforward generally preferred due to the relative prevalence of 
form of the induction methods. E-selectin is an adhesion monocyte/macrophage infiltration of solid tumors as 
molecule that is not expressed in normal endothelial vascu- opposed to the other leukocyte cell types, 
lature or other human cell types (Cotran et al., 1986), but can 20 In an exemplary induction embodiment, an animal bear- 
be induced on the surface of endothelial cells through the ing a solid tumor is injected with bispeclfic (Fab' — Fab') 
action of cytokines such as IL-1, TNF, lymphotoxin and anti-CD 14/anti-tumor antibody (such as anti-CEA, 9.2.27 
bacterial endotoxin (Bevilacqua et al, 1987). It is not antibody against high Mr melanoma antigens 0V-TL3 or 
induced by IFN-y (Wu et al., 1990). The expression of MOv 18 antibodies against ovarian associated antigens). 
E-selectin may thus be selectively induced in tumor endot- 25 The antibody localizes in the tumor, by virtue of its tumor 
helium through the selective delivery of such a cytokine, or binding activity, and then activates monocytes and macroph- 
via the use of a composition that causes the selective release ages in the tumor by crosslinking their CD 14 antigens 
of such cytokines in the tumor environment. (Schutt et. al., 1988; Chen et. al., 1990). The activated 

Bispecific antibodies are one example of a composition monocytes/macrophages have tumoricidal activity 

capableof causing the selective release of one or more of the 30 (Palleroni et. al., 1991) and release IL-1 and TNF which 

foregoing or other appropriate cytokines in the tumor site, rapidly induce E-selectin antigens on the tumor vascular 

but not elsewhere in the body. Such bispecific antibodies are endothelial cells (Bevilacqua et. al., 1987; Pober et. al., 

herein termed "antigen-inducing antibodies" and are, of 1991). 

course, distinct from any bispecific antibodies of the inven- MHC Class II Antigens 

tion that have targeting and coagulating components. 35 The second preferred group of inducible markers contem- 

Antigen-inducing antibodies are designed to cross-link plated for use with the present invention are the MHC Class 

cytokine effector cells, such as cells of monocyte/ II antigens (Collins et al., 1984), including HLA-DR, HLA- 

macrophage lineage, T cells and/or NK cells or mast cells, DP and HLA-DQ. Class II antigens are expressed on vas- 

with tumor cells of the targeted solid tumor mass. This cular endothelial cells in most normal tissues in several 

cross-linking would then effect a release of cytokine that is 40 species, including man. Studies in vitro (Collins et al., 1984; 

localized to the site of cross-linking, i.e., the tumor, Daar et al., 1984; O'Connell et al., 1990) and in vivo 

Effective antigen-inducing antibodies recognize a (Groenewegen et al, 1985) have shown that the expression 

selected tumor cell surface antigen on the one hand (e.g., of Class II antigens by vascular endothelial cells requires the 

those in Table I) and, on the other hand, recognize a selected continuous presence of IFN-y which is elaborated by T^ 

"cytokine activating'* antigen on the surface of a selected 45 cells and, to a lesser extent, by NK cells and CD8"^ T cells, 

leukocyte cell type. The term "cytokine activating'' antigen MHC Class II antigens are not unique to vascular endot- 

is used to refer to any one of the various known molecules helial cells, and are also expressed constitutively on B cells, 

on the surfaces of leukocytes that, when bound by an activated T cells, ceUs of monocyte/macrophage linage and 

effector molecule, such as an antibody or a fragment thereof on certain epithelial cells, both in mice (Hammerling, 1976) 

or a naturally-occurring agent or synthetic analog thereof, be 50 and in man (Daar et al., 1984). Due to the expression of 

it a soluble factor or membrane-bound counter-receptor on MHC Class II antigens on "normal" endothelium, their 

another cell, promotes the release of a cytokine by the targeting is not quite so straightforward as E-selectin'. 

leukocyte cell. Examples of cytokine activating molecules However, the induction and targeting of MHC Class II 

include CD14 (the LPS receptor) and FcR for IgE, which antigens is made possible by using in conjunction with an 

will activate the release of IL-1 and TNFa; and CD16, CD2 55 immunosuppressant, such as Cyclosporin A (CsA), that has 

or CD3 or CD28, which will activate the release of IFNy and the ability to effectively inhibit the expression of Class II 

TNFP, respectively, molecules in normal tissues (Groenewegen et al., 1985). The 

Once introduced into the bloodstream of an animal bear- CsA acts by preventing the activation of T cells and NK cells 

ing a tumor, such an antigen-inducing bispecific antibody (Groenewegen et al., 1985; DeFranco, 1991), thereby reduc- 

will bind to tumor cells within the tumor, cross-link those 60 ing the basal levels of IFN-y below those needed to maintain 

tumor cells with effector cells, e.g., monocytes/ Class II expression on endothelium, 

macrophages, that have infiltrated the tumor, and thereafter There are various other cyclosporins related to CsA, 

effect the selective release of cytokine within the tumor. including cyclosporins A, B, C, D, G, and the like, that also 

Importantly, however, without cross-linking of the tumor have immunosuppressive action and are likely to demon- 

and leukocyte, the antigen-inducing antibody will not effect 65 strate an ability to suppress Class II expression. Other agents 

the release of cytokine. Thus, no cytokine release will occur that might be similarly useful include FK506 and rapamy- 

in parts of the body removed from the tumor and, hence, cin. 
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Thus, the practice of the MHC Class 11 induction and contemplated to be, for example, on the order of about 4 to 

targeting embodiment requires a pretreatment of the tumor- about 10 mg/kg body weight. After Class II expression is 

bearing animal with a dose of CsA or other Class II suppressed, one will then prepare and introduce into the 

immunosuppressive agent that is effective to suppress Class bloodstream an IFN-y-producing T cell clone (e.g., T;,! or 

II expression. In the case of CsA, this will typically be on the 5 cytotoxic T lymphocyte, CTL) specific for an antigen 

order of about 10 to about 30 mg/kg body weight. Once expressed on the surface of the tumor cells. These T cells 

suppressed in normal tissues. Class II antigens can then be localizes to the tumor mass, due to their antigen recognition 

selectively induced in the tumor endothelium, again through capability and, upon such recognition, then release IFN-y. In 

the use of a bispecific antibody manner, cytokine release is again restricted to the tumor, 

In this case, the antigen-inducingbispecific antibody will lo expression of Class II molecules to the 

have specificity for a tumor cell marker and for an activating ^^'^ tS?^ j • n i u u • 

^„#;rr«« f^„r,^ ^« c,,^ f *p * 11 *u * • 1*^^ IFN-y-producmg T cell clone may be obtained from 

antigen tound on the surface of an effector cell that is ^- . ^ * , . , , /f , u- * i tnnn\ u 

«Li^ p • J • fOKT J o L * 11 peripheral blood (Mazzocchi et al., 1990), however, a 

capable of mducmg IFN-v production. Such effector o.^ f^^^ ^^^^^ ^ ^^^^ ^^^^ ^P^^ 

wiU generally be helper T cells (T^) or Natural KUler NK) ^990). rhc currenUy preferred means of preparing such a f 

cells. In these embodiments, it is necessary that T cells, or 15 ^eU clone is to remove a portion of the tumor mass from a 

NK cells if CD16 is used, be present m the tumor to produce patient; isolate cells, using collagenase digestion, where 

the cytokine intermediate m that Class II antigen expression necessary; enrich for tumor infiltrating leukocytes using 

is achieved using IFN-y, but is not achieved with the other density gradient centrifiigation, followed by depletion of 

cytokines. Thus, for the practice of this aspect of the other leukocyte subsets by, e.g., treatment with specific 

invention, one will desire to select CD2, CD3, CD28, or 20 antibodies and complement; and then expand the tumor 

most preferably CD28, as the cytokine activating antigen for infiltrating leukocytes in vitro to provide the IFN-Y produc- 

targeting by the antigen-inducing bispecific antibody. ing clone. This clone will necessarily be immunologically 

The T cells that should be activated in the tumor are those compatible with the patient, and therefore should be well 

adjacent to the vasculature since this is the region most tolerated by the patient. 

accessible to cells and is also where the bispecific antibody 25 It is proposed that particular benefits will be achieved by 

will be most concentrated. The activated T cells should then further selecting a high IFN-y producing T cell clone from 

secrete IFN-y which induces Qass II antigens on the adja- the expanded leukocytes by determining the cytokine secre- 

cent tumor vasculature. tion pattern of each individual clone every 14 days. To this 

The use of a bispecific (Fab* — Fab*) antibody having one end, rested clones will be mitogenically or antigenically- 

arm directed against a tumor antigen and the other arm 30 stimulated for about 24 hours and their culture supematants 

directed against CD28 is currently preferred. This antibody assayed, e.g., using a specific sandwich ELISA technique 

will crosslink CD28 antigens on T cells in the tumor which, (Cherwinski et al., 1989), for the presence of IL-2, IFN-y, 

when combined with a second signal (provided, for IL-4, IL-5 and IL-10. Those clones secreting high levels of 

example, by IL-1 which is commonly secreted by tumor IL-2 and IFN-y, the characteristic cytokine secretion pattern 

cells (Burrows et al., 1991; Ruco et al, 1990), has been 35 of T^ clones, will be selected. Tumor specificity will be 

shown to activate T ceUs through a CA^*-independent confirmed using proliferation assays. 

non-CsA-inhibitable pathway (Hess et al., 1991; June et al.. Furthermore, one will prefer to employ as the anti-CD4 

1987; Bjomdahl et al., 1989). antibody an anti-CD4 Fab, because it will be eliminated 

The preparation of antibodies against various cytokine from the body within 24 hours after injection and so will not 

activating molecules is also weD known in the art. For 40 cause suppression of the tumor-recognizing T-cell clones 

example, the preparation and use of anti-CD14 and anti- that are subsequently administered. The preparation of T cell 

CD28 monoclonal antibodies having the ability to induce clones having tumor specificity is generally known in the art, 

cytokine production by leukocytes has now been described as exemplified by the production and characterization of T 

by several laboratories (reviewed in Schutt et al., 1988; cell clones from lymphocytes infiltrating solid melanoma 

Chen et al., 1990, and June et al., 1990, respectively). 45 tumors (Maeda et al., 1991). 

Moreover, the preparation of monoclonal antibodies that In using either of the MHC Class II suppression-induction 

will stimulate leukocyte release of cytokines through other methods, additional benefits will likely result from the fact 

mechanisms and other activating antigens is also known diat anti-Class II antibodies injected intravenously do not 

(Clark et al., 1986; Geppert et al., 1990). appear to reach the epithelial cells or the monocytes/ 

In still further embodiments, the inventors contemplate an 50 macrophages in normal organs other than the liver and 

alternative approach for suppressing the expression of Class spleen. Presumably this is because the vascular endothelium 

II molecules, and selectively eliciting Qass II molecule in most normal organs is tight, not fenestrated as it is in the 

expression in the locale of the tumor. This approach, which liver and spleen, and so the antibodies must diffuse across 

avoids the use of both CsA and a bispecific activating basement membranes to reach the Class Il-positive cells, 

antibody, takes advantage of the fact that the expression of 55 Also, any B cell elimination that may result, e.g., following 

Qass II molecules can be effectively inhibited by suppress- cross-linlcing, is unlikely to pose a significant problem as 

ing IFN-y production by T cells, e.g., through use of an these cells are replenished from Class II negative progeni- 

anti-Cp4 antibody (Street et al., 1989). Using this tors (Lowe et al, 1986). Even B ceU killing, as occurs in B 

embodiment, IFN-y production is inhibited by administering lymphoma patients, causes no obvious harm (Mtetta et al., 

anti-CD4, resulting in the general suppression of Class II 60 1991). 

expression. Class II is then induced only in the tumor site. In summary, although the tumor coagulating composi- 

e.g., using tumor-specific T cells which are only activatable tions and antibodies of the present invention are elegantly 

within the tumor. simple, and do not require the induction of antigens for their 

In this mode of treatment, one will generally pretreat an operability, the combined use of an antigen-inducing bispe- 

animal or human patient with a dose of anti-CD4 that is 65 cific antibody with this invention is also contemplated. Such 

effective to suppress IFN-y production and thereby suppress antibodies would generally be administered prior to the 

the expression of Class II molecules. Effective doses are bispecific coagulating ligands of this invention. 
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. Generally speaking, the more "immunogenic'* tumors collagenases, stromelysins and gelatinases, also act to 

would be more suitable for the MHC Class II approach induce certain markers. In particular, E-selectin, P-selectin, 

involving, e.g., the cross-linking of T cells in the tumor PDGF and ICAM-1 are induced by thrombin (Sugama et. 

through an anti-CD28/anti-tumor bispecific antibody, al, 1992; Shankar et. al., 1994), 

because these tumors are more likely to be infiltrated by T 5 Therefore, for this induction, an anti-coagulant/anti-tumor 

cells, a prerequisite for this method to be effective. Examples bispecific antibody will be utilized. The antibody will local- 

of immunogenic solid tumors include renal carcinomas, ize in the tumor via its tumor binding activity. The bispecific 

melanomas, a minority of breast and colon cancers, as well will then concentrate the coagulant, e.g., thrombin, in the 

as possibly pancreatic, gastric, liver, lung and glial tumor tumor, resulting in induction of E-selectin and P-selectin on 

cancers. These tumors are referred to as "immunogenic" lO the tumor vascular endothelial cells (Sugama et. al., 1991; 

because there is evidence that they elicit immune responses Shankar et. al., 1994). 

in the host and they have been found to be amenable to Alternatively, targeting of truncated tissue factor to tumor 

cellular immunotherapy (Yamaue et al, 1990). In the case of cells or endothelium will induce thrombin deposition within 

melanomas and large bowel cancers, the most preferred the tumor. As the thrombin is deposited, E-selectin and 

antibodies for use in these instances would be B72.3 (anti- 15 P-selectin will be induced on the tumor vascular endothelial 

TAG-72) and PRSC5/PR4C2 (anti-Lewis a) or 9.2.27 (anti- cells. 

high Mr melanoma antigen). (d) Antibodies to Vascular Endothelial CeU Markers 

For the majority of solid tumors of all origins, an anti- A straightforward means of recognizing a disease - 
CD 14 approach that employs a macrophage/monocyte inter- associated vasculature target, whether induced in the natural 
mediate would be more suitable. This is because most 20 environment or by artificial means, is through the use of an 
tumors are rich in macrophages. Examples of macrophage- antibody that has binding afiSnity for the particular cell 
rich tumors include most breast, colon and lung carcinomas. surface receptor, molecule or antigen. These include anti- 
Examples of preferred anti-tumor antibodies for use in these bodies directed against all cell surface components that are 
instances would be anti-HER-2, B72.3, SM-3, HMFG-2, known to be present on, e.g., tumor vascular endothelial 
and SWAll (Smith et al., 1989). 25 cells, those that are induced or over-expressed in response to 
(c) Coagulant-Inducible Markers tumor-derived factors, and those that are induced following 
Coagulants, such as thrombin. Factor IX/IXa, Factor manipulation by the hand of man. Table IV and Table V 
X/Xa, plasmin and metalloproteinases, such as interstitial summarize usefiil antibodies and their properties. 

TABLE IV 
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COMPARISON OF ANTT-EC mAbs ON HUMAN TUMORS 
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Uterus 

RESPIRATORY 


1 
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+ 
++ 
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++ 
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Two further antibodies that may be used in this invention endothelial cells (HUVE), human dermal microvascular 

are those described by Rettig et al. (1992) and Wang et al. endothelial cells (HDEMC), human saphenous vein endot- 

(1993) that are directed against unrelated antigens of helial cells, human omental fat endothelial cells, other 

unknown function expressed in the vasculature of human human microvascular endothelial cells, human brain capil- 

tumors, but not in most normal tissues. 5 lary endothelial cells, and the like. It is also contemplated 

The antibody described by Kim et. al. (1993) may also be that endothelial cells from another species may stimulated 

used in this invention, particularly as this antibody inhibited by timior-conditioned media and employed as immunogens 

angiogenesis and suppressed tumor growth in vivo. to generate hybridomas to produce an antibodies in accor- 

Antibodies that have not previously been shown to be dance herewith, i.e., to produce antibodies that crossreact 
specific for human tumors may also be used. For example, lO with tumor-stimulated human vascular endothelial cells, 

Venkateswaran et al. (1992) described the production of and/or antibodies for use in pre-clinical models. 

anti-FGF MAbs. Xu et. al. (1992) developed and character- "Tlimor-conditioned medium or media" are defined 

ized a panel of 16 isoform and domain-specific polyclonal herein as compositions or media, such as culture media, that 

and monoclonal antibodies against FGF receptor (fig) iso- contain one or more tumor-derived cytokines, lymphokines 
forms. Massoglia et al. (1987) also reported MAbs against is or other effector molecules. Most typically, tumor- 

FGF. conditioned medium is prepared from a culture medium in 

(e) Generation of Antibodies to Disease Vasculature which selected tumor cells have been grown, and will 

In addition to utilizing a known antibody, such as those therefore be enriched in such tumor-derived products. The 

described above and others known and published in the type of medium is not believed to be particularly important, 

scientific literature, one may also generate a novel antibody 20 so long as it at least initially contains appropriate nutrients 

using standard immunization procedures, as described in and conditions to support tumor cell growth. It is also, of 

more detail hereinbelow. To generate an antibody against a course, possible to extract and even separate materials from 

known disease-associated vascular marker antigen, one tumor-conditioned media and employ one or more of the 

would immunize an animal with an immunogenic compo- extracted products for application to the endothelial cells, 

sition comprising the antigen. This may be a membrane 25 As for the type of tiunor used for the preparation of the 

preparation that includes, or is enriched for, the antigen; a medium or media, one will, of course, prefer to employ 

relatively purified form of the antigen, as isolated from cells tumors that mimic or resemble the tumor that will ultimately 

or membranes; a highly purified form of the antigen, as be subject to analysis or treatment using the present inven- 

obtained by a variety of purification steps using, e.g., a tion. Thus, for example, where one envisions the develop- 

native antigen extract or a recombinant form of the antigen 30 ment of a protocol for the treatment of breast cancer, one 

obtained from a recombinant host cell. will desire to employ breast cancer cells such as ZR-75-1, 

The present invention also provides yet further methods T47D, SKBR3, MDA-MB-231. In the case of colorectal 

for generating an antibody against an antigen present on tumors, one may mention by way of example the HT29 

disease-associated vasculature endothelial cells, which carcinoma, as well as DLD-1, HCT116 or even SW48 or 

methods are suitable for use even where the biochemical 35 SWl 22, In the case of lung tumors, one may mention by way 

identity of the antigen remains xmknown. These methods are of example NCI-H69, SW2, NCI H23, NCI H460, NCI H69, 

exemplified through the generation of an antibody against or NCI H82. In the case of melanoma, good examples are 

tumor vasculature endothelial cells. A first means of achiev- DX.3, A375, SKMEL-23, HMB-2, MJM, T8 or indeed VUR 

ing antibody generation in this manner uses a preparation of In any of the above cases, it is further beheved that one may 

vascular endothelial cells obtained from the tumor site of an 40 even employ cells produced from the tumor that is to be 

animal or human patient. One simply immunizes an experi- treated, i.e., cells obtained from a biopsy, 

mental animal with a preparation of such cells and collects Once prepared, the tumor-conditioned media is then 

the antibodies so produced. The most useful form of this employed to stimulate the appearance of tumor 

method is that where specific antibodies are subsequently endothelium-specificmarker(s) on the cell surfaces of endot- 

selected, as may be achieved xising conventional hybridoma 45 helial cells, e.g., by culturing selected endothelial cells in the 

technology and screening against tumor vascular endothelial presence of the tumor-conditioned media (or products 

cells. derived therefrom). Again, it is proposed that the type of 

Adevelopmentofthe above method is that which mimics endothelial cell that is employed is not of critical 

the tumor vasculature phenomenon in vitro, and where cell importance, so long as it is generally representative of the 

purification is not necessary. In using this method, endot- 50 endothelium associated with the vasculature of the particular 

helial cells are subjected to tumor-derived products, such as tumor that is ultimately to be treated or diagnosed. The 

might be obtained from tumor-conditioned media, in cell inventors prefer to employ hiunan umbilical vein endothelial 

culture rather than in an animal. This method generally cells (HUVE), or human dermal microvascular endothelial 

involves stimulating endothelial cells with tumor- ceUs (HDMEC, Karasek, 1989), in that these cells are of 

conditioned medium and employing the stimulated endot- 55 hiunan origin, respond to cytokine growth factors and angio- 

helial cells as immimogens to prepare a collection of anti- genie factors and are readily obtainable. However, it is 

bodies. Again, specific antibodies should be selected, e.g., proposed that any endothelial cell that is capable of being 

using conventional monoclonal antibody technology, or cultured in vitro may be employed in the practice of the 

other techniques such as combinatorial immunoglobulin invention and nevertheless achieve beneficial results. One 

phagemid libraries prepared from RNA isolated from the 60 may mention, by way of example, cells such as EA.hy9.2, 

spleen of the immunized animal. One would select a specific ECV304, human saphenous vein endothelial cells, and the 

antibody that preferentially recognizes tumor-stimulated like. 

vascular endothelium and reacts more strongly with tumor- Once stimulated using the tumor-derived products, the 
associated endothelial cells than with normal adult human endothelial cells are then employed as immunogens in the 
tissues. 65 preparation of monoclonal antibodies (MAbs). The tech- 
Stimulated endothelial cells contemplated to be of use in nique for preparing MAbs against antigenic cell siuface 
this regard include, for example, human umbilical vein markers is quite straightforward, and may be readily carried 
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out using techniques well known to those of skill in the art, label capillary and venular endothelial cells moderately to 
as exemplified by the technique of Kohler & Milstein strongly in a broad range of solid tumors (and in several 
(1975), and further described hereinbelow. chronic inflammatory conditions and fetal placenta), but 
Generally speaking, a preferred method of preparing display relatively weak staining of vessels in the majority of 
MAbs using stimulated endothelial cells involves the fol- 5 normal, healthy adult tissues. TEC-11 is particularly pre- 
lowing procedures: Cells or cell lines derived from human ferred as it shows virtually no reactivity with non- 
tumors are grown in tissue culture for ^4 days. The tissue endothelial cells. Furthermore, both TEC-4 and TEC-11 are 
culture supernatant (* tumor-conditioned medium') is complement-fixing, which imparts to them the potential to 
removed from the tumor ceU cultures and added to cultures ^^^^^ selective lysis of endothelial cells in the tumor 
of HUVEC at a final concentration of 50% (v/v). After 2 lo 

days culture the HUVEC are harvested non-enzymaticaUy ^^i^^^ ^'^'JnlT^ J^^t 

and 1-2x10^ cells injected intraperitoneally into mice. i^^^ ™u?u^l HB.12311, 

, J ,7 , ^ 11-* 1 respectively), i.e., those that bmd to endoghn at the same 

process is repeated three times at two- weekly mtervals, the «o 44?^^ a \ te?o h t ♦ i ♦ j * u r 

c , ■ • ** L • i_ - . ^ epitope as TEC-4 or TEC-11, are also contemplated to be of 

final immunization being by the intravenous route. Three ^ ^i^^^ invention. TTie identification of ^^n antibody or 

days later the spleen cells are harvested and fused with i5 antibodies that bind to endoglin at the same epitopes as 

SP2/0 myeloma cells by standard protocols (Kohler & TEC-4 or TEC- 11 is a fairly straightforward matter. This can 

Milstem, 1975) and hybndomas producing antibodies with be readily determined using any one of variety of immuno- 

the appropriate reactivity are cloned by limiting dilution. logical screening assays in which antibody competition can 

From the resultant collection of hybridomas, one will then be assessed. For example, where the test antibodies to be 

desire to select one of more hybridomas that produce an 20 examined are obtained from a different source to that of 

antibody that recognizes the activated vascular endothelium TEC-4 or TEC-11, e.g., a rabbit, or are even of a different 

to a greater extent than it recognizes non-activated vascular isotype, for example, IgGl or lgG3, a competition ELISA 

endothehum. One goal is the identification of antibodies may be employed. In one such embodiment of a competition 

having virtually no binding affinity for normal endothelium. ELISA one would pre-mix TEC-4 or TEC-11 with varying 

However, in contrast to the prior art, in the present invention 25 amounts of the test antibodies prior to applying to the 

this property is not critical. In any event, one will generally antigen-coated wells in the ELISA plate. By using either 

identify suitable antibody-producing hybridomas by screen- anti-murine or anti-IgM secondary antibodies one will be 

ing using, e.g., an ELISA, RIA, IRMA, IIF, or similar able to detect only the bound TEC-4 or TEC-11 antibodies— 

immunoassay, against one or more types of tumor-activated the binding of which will be reduced by the presence of a test 

endothelial cells. Once candidates have been identified, one 30 antibody that recognizes the same epitope as either TEC-4 or 

will desire to test for the absence of reactivity for non- TEC-11, 

activated or "normal" endothelium or other normal tissue or To conduct an antibody competition study between 

cell type. In this manner, hybridomas producing antibodies TEC-4 or TEC-11 and any test antibody, one may first label 

having an undesirably high level of normal cross-reactivity TEC-4 or TEC-11 with a detectable label, such as, e.g., 

for the particular application envisioned may be excluded. 35 biotin or an enzymatic or radioactive label, to enable sub- 

(f) Anti-Endoglin Antibodies sequent identification. In these cases, one would incubate the 

Using the technique described above, antibodies having labelled antibodies with the test antibodies to be examined 

relative specificity for tumor vascular endothelium have at various ratios (e.g., 1:1, 1:10 and 1:1CM)) and, after a 

been prepared and isolated. In one particular example, HT29 suitable period of time, one would then assay the reactivity 

carcinoma cells were employed to prepare the conditioned 40 of the labelled TEC-4 or TEC-11 antibodies and compare 

medium, which was then employed to stimulate HUVE cells this with a control value in which no potentially competing 

in culture. The resultant HT29-activated HUVE cells were antibody (test) was included in the incubation, 

then employed as immunogens in the preparation of a The assay may be any one of a range of immunological 

hybridoma bank, which was EUSA-screened using HT29- assays based upon antibody binding and the TEC-4 or 

activated HUVE cells and by immunohistologic analysis of 45 TEC-11 antibodies would be detected by means of detecting 

sections of human tumors and normal tissues. From this their label, e.g., using streptavidin in the case of biotinylated 

bank, antibodies that recognized a tumor vascular endothe- antibodies or by using a chromogenic substrate in connec- 

lial cell antigen were selected. tion with an enzymatic label or by simply detecting the 

The MAbs termed tumor endothelial cell antibody 4 and radiolabeL An antibody that binds to the same epitope as 

tumor endothelial cell antibody 11 (TEC4 and TECll) were 50 TEC-4 or TEC-11 will be able to effectively compete for 

obtained using the above method. The antigen recognized by binding and thus will significantly reduce TEC-4 or TEC-11 

TEC4 and TECll was ultimately determined to be the binding, as evidenced by a reduction in labelled antibody 

molecule endoglin. The epitopes on endoglin recognized by binding. In the present case, after mixing the labelled TEC-4 

TEC4 and TECll are present on the cell surface of stimu- or TEC-11 antibodies with the test antibodies, suitable 

lated HUVE cells, and only minimally present (or immu- 55 assays to determine the remaining reactivity include, e.g., 

nologically accessible) on the surface of non-stimulated ELISAs, RIAs or western blots using human endoglin; 

cells. MAbs have previously been raised against endoglin, immunoprecipitation of endoglin; ELISAs, RIAs or immu- 

However, analyzing the reactivity with HUVEC or TCM- nofluorescent staining of recombinant cells expressing 

activated HUVEC cell surface determinants by FACS or human endoghn; indirect immunofluorescent staining of 

indirect immunofluorescence shows the epitopes recognized 60 tumor vasculature endothelial cells; reactivity with HUVEC 

by TEC-4 and TEC-11 to be distinct from those of a previous or TCM-activated HUVEC cell surface determinants indi- 

antibody termed 44G4 (Gougos & Letarte, 1988). rect immunofluorescence and FACS analysis. This latter 

Although any of the known anti-endoglin antibodies (e.g., method is most preferred and was employed to show that the 

Gougos & Letarte, 1988; Gougos et al, 1992; O'Connell et epitopes recognized by TEC-4 and TEC-11 are distinct from 

al, 1992; Buhring et al., 1991) may be used in connection 65 that of 44G4 (Gougos & Letarte, 1988). 

with the present invention, the TEC-4 and TEC-11 mAbs are The reactivity of the labelled TEC-4 or TEC-11 antibodies 

envisioned to be particularly suitable. This is because they in the absence of any test antibody is the control high value. 
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The control low value is obtained by incubating the labelled that have infiltrated tumors, or may be elaborated by plate- 
antibodies with unlabelled antibodies of the same type, lets that become activated within the tumor, 
when competition would occur and reduce binding of the Further growth factors or ligands contemplated to be 
labelled antibodies. A significant reduction in labelled anti- useful as tumor vasculature-associated targets include EGF, 
body reactivity in the presence of a test antibody is indica- 5 FGF, VEGF, TGFp, HGF (NaKamura, 1991), angiotropin, 
tiveofatestantibody that recognizes the same epitope, i.e., TGF-a, TNF-a, PD-ECGF and TIE binding ligands 
one that "cross-reacts" with the labelled antibody. A "sig- (Bicknell and Harris, 1992). The currenUy preferred targets 
nificant reduction" in this aspect of the present application VEGFA^F, the FGF family of proteins, transforming 
may be defined as a reproducible (i.e., consistently gro>^h factor- p (TGF-P); TGF-a; m 
observed)reductioninbindingofatleastaboutlOr^50%at lO ^^If)'' .^°fi>°A'?fA^'i^P^^^^^ endothelial cell 
a ratio of about 1:1, or more preferably, of equal to or greater g^T^h ^^^^or (PD-ECGF); TIE bmdmg hgands; pleiotropm^ 

than about 90% at a ratio of about mOO. , ^^^'^^^ f 

™_ -„ - » J . . targetmg antibodies, or bindmg regions therefrom, that are 

Tlieuseof-cross-reactiviya^a^^ specific for epitopes presenl only on ligand-receptor 

the context of TEC.4 and TEC-11 antibodies, may be complexes, which epitopes are absent from both the indi- 

apphed to any anUbody for use m the present invention. 15 vidual (free) ligand and the receptor in its unbound form. 

Therefore, antibodies that bind to a component of a tumor xhese antibodies recognize and bind to the unique confor- 

cell, a component of tumor vasculatiu-e, a tumor cell- mation that results when a ligand, such as a growth factor, 

associated component, a tumor vasculature-associated binds to its receptor, such as a growth factor receptor, to 

component, a tumor extracellular matrix component, or to form a specifically bound complex. Such epitopes are not 

any cell type listed herein, at the same epitope as any of the 20 present on the uncomplexed forms of the ligands or recep- 

antibodies listed herein, as determined by an antibody com- tors. 

petition assay, will be an antibody that falls under the scope TTie inventors contemplate that the ligand-receptor com- 

of this invention when combined with a coagulating agent to plexes to which these antibodies bind are present in signifi- 

form a bispecific ligand. cantiy higher number on tumor-associated endothelial cells 

(g) Use of Vascular Endothelial Cell Binding Ligands 25 than on non-tumor associated endothelial cells. Such anti- 
Biological ligands that are known to bind or interact with bodies will therefore be useful as targeting agents and will 

endothelial cell surface molecules, such as growth factor serve to further increase the specificity of the bispecific 

receptors, may also be enaployed as a targeting component. coagulants of the invention. 

The growth factors or ligands contemplated to be usefiil (i) Receptor Constructs 

as targets in this sense include VEGFA^F, FGF, TGFp, 30 Soluble binding domains ofendothelial cell surface recep- 

ligands that bind to a TIE, tumor-associated fibronectin tors are also contemplated for use as targeting ligands in the 

isoforms, scatter factor, hepatocyte growth factor (HGF), present invention. Tliis concept is generally based upon the 

platelet factor 4 (PF4), PDGF and TIMP. well-known sandwich binding phenomena that has been 

Particularly preferred targets are VEGFA^F, the FGF exploited in a variety of in vitro and in vivo binding 

family of proteins and TGF/i. Abraham et al. (1986) cloned 35 protocols. Basically, as the endothelial cells express specific 

FGF, which is therefore available as a recombinant protein. receptors, the ceUs bind to and adsorb the corresponding 

As reported by Ferrara et al. (1991), four species of VEGF Ugands, the ligands are then available for binding to further 

having 121, 165, 189, and 206 amino acids have been receptor constructs should they be introduced into the sys- 

cloned. tem, 

(h) Targeting of Bound Ligands 40 A range of useful endothelial cell receptors has been 
Antibodies or specific targeting ligands may also be identified in the foregoing sections, with VEGFA^F, FGF, 

directed to any component that binds to the surface of TGFp, TIE- 1 and TIE-2 being particularly preferred targets, 

vascular endothelial cells in a disease site, such as a tumor. Each of these receptors could be manipulated to form a 

Such components are exemplified by tumor-derived ligands soluble binding domain for use as a targeting ligand. 

and antigens, such as growth factors, that bind to specific 45 4. Disease-Associated Stromal CeU Targets 

cell surface receptors already present on the endotheUal (a) Extracellular Matrix/Stromal Targets 

cells, or to receptors that have been induced, or over- The usefulness of the basement membrane markers in 

expressed, on such cells in response to the tumor environ- tumoral pathology was described by Birembaut et al. (1985). 

ment. Tumor vasculature-associated targets may also be These studies showed that the distribution of basement 

termed tumor-derived endothelial cell binding factors. 50 membrane (BM) markers, type IV collagen, laminin (LM), 

A level of specificity required for successful disease heparan sulphate proteoglycan (HSP) and fibronectin (FN) 

targeting will be achieved partly because the local endothe- were disrupted in tumoral pathology. Burtin et. al, (1983) 

lial cells will be induced to express, or reveal, receptors that also described alterations of the basement membrane and 

are not present, or are under-expressed or masked, on normal connective tissue antigens in human metastatic lymph 

endothelial cells. With tumors, further specificity will result 55 nodes. 

due to the fact that endothelial cells in the tumor will capture A preferred target for use with the invention is RIBS, 

the tumor-derived factors, and bind them to the cell surface, Ugarova et al. (1993) reported that conformational changes 

reducing the amount of ligand available for other tissues. occur in fibrinogen and are elicited by its interaction with the 

When combined with the further dilution of the factor or platelet membrane glycoprotein GPIIb-IIIa, The binding of 

ligand by distribution in the blood and tissue fluid pool, 60 fibrinogen to membrane glycoprotein GPIIb-IIIa on acti- 

endothehal cells in normal tissues will be expected to bind vated platelets leads to platelet aggregation. This interaction 

relatively little of such factors. Thus, operationally, cell- results in conformational changes in fibrinogen as evidenced 

surface bound ligands or factors will be able to used as a by the expression of receptor-induced binding sites, RIBS, 

tumor endothelial cell marker. epitopes which are expressed by the bound but not the free 

In addition to manufacture by the tumor cells themselves, 65 ligand. 

tumor endothelial cell binding factors may also originate Two RIBS epitopes have been localized by Ugarova et al. 

from other cell types, such as macrophages and mast cells, (1993). One sequence resides at y 112-119 and is recognized 
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by M Ab 9F9; the second is the RGDF sequence at Aa 95-98 
and is recognized by mAb 155B16. These epitopes are also 
exposed by adsorption of fibrinogen onto a plastic surface 
and digestion of the molecule by plasmin. Proteolytic expo- 
sure of the epitopes coincides with cleavage of the carboxyl- 5 
terminal aspects of the Aa-chains to form fragment X2. The 
inaccessibility of the RGDF sequence at Aa 95-98 in 
fibrinogen suggests that this sequence does not participate in 
the initial binding of the molecule to GPIIb-IIIa. 

Binding of fibrinogen to its receptor alters the conforma- 10 
tion of the carboxyl-terminal aspects of the Aa-chains, 
exposing the sequences which reside in the coiled-coil 
connector segments between the D and E domains of the 
molecule, generating the RIBS epitopes. In practical terms, 
the RIBS sequences are proposed as epitopes for use in 15 
targeting with a coaguhgand. The MAbs 9F9 and 155B16 
may thus be advantageously used, as may the antibodies 
described by Zamarron et al. (1991). 

(b) Additional Cellular Targets 

The present invention has the further advantage that it 20 
may be used to direct coagulants to disease-associated 
vasculature by targeting them to cell types found within the 
disease region. 

Platelets participate in hemostasis and thrombosis by 
adhering to injured blood vessel walls and accimiulating at 25 
the site of injury. Although platelet deposition at sites of 
blood vessel injury is responsible for the primary arrest of 
bleeding under physiologic conditions, it can lead to vascu- 
lar occlusion with ensuing ischemic tissue damage and 
thrombus embolization under pathologic conditions, 30 

Interactions of platelets with their environment and with 
each other represent complex processes that are initiated at 
the cell surface. The surface membrane, therefore, provides 
a reactive interface between the external medium, including 
components of the blood vessel wall and plasma, and the 35 
platelet interior. 

p-155, a multimeric platelet protein that is expressed on 
activated platelets (Hayward et al, 1991), may be targeted 
using the invention. Platelets respond to a large number of 
stimuli by undergoing complex biochemical and morpho- 40 
logical changes. These changes are involved in physiologi- 
cal processes including adhesion, aggregation, and coagu- 
lation. Platelet activation produces membrane alterations 
that can be recognized by monoclonal antibodies. The 
monoclonal antibody JS-1 (Hayward et al., 1991) is one 45 
such antibody contemplated for use as part of a coaguligand. 

ligand-induced binding sites (LIBS) are sites expressed 
on cell surface receptors only after ligand binding causes the 
receptor to change shape, mediate subsequent biological 
events. These may be seen as counterparts to RIBS and are 50 
also preferred targets for use with the present invention. 

13 anti-LIBS antibodies have been developed by 
Frelinger et. al. (1990; 1991), any one of which may be used 
to deliver a coagulant to a disease or tumor site in accor- 
dance herewith. The murine monoclonal antiplatelet anti- 55 
bodies MA-TSPI-1 (directed against human 
thrombospondin) and MA-PMI-2, MA-PMI-1, and 
MA-LIBS-1 (directed against LIBS on human platelet gly- 
coprotein Ilb/IIIa) of Dewerchin et al, (1991) may also be 
used, as may RUU 2,41 and LIBS-1 of Heynen et al. (1994); 60 
0P-G2 of Tomiyama et al. (1992); and Ab-15. 

Many other targets, such as antigens on smooth miiscle 
cells, pericytes, fibroblasts, macrophages and infiltrating 
lymphocytes and leukocytes may also be used, 
B. Coagulating Agents 65 
. The second arm or element of the bispecific agents of the 
invention will be a component that is capable of promoting 



coagulation. "Coagulation promoting agents" may be coagu- 
lation factors, factors that indirectly stimulate coagulation, 
or they may be in the form of a second binding region that 
is capable of binding and releasing a coagulation factor or 
factor that indirectly stimulates coagulation. 
1. Coagulation Factors 

A variety of coagulation factors may be used in connec- 
tion with the present invention, as exemplified by the agents 
set forth below. Where a coagulation factor is covalently 
linked to a first binding agent, a site distinct from its 
functional coagulating site is used to join the molecules. 
Appropriate joining regions distinct from the active sites, or 
functional regions, of the coagulation factors are also 
described in each of the following sections. 

(a) Tissue Factor 

Tissue factor (TF) is one agent capable of initiating blood 
coagulation. TF is the activator of the extrinsic pathway of 
blood coagulation and is not in direct contact with the blood 
under physiologically normal conditions (Osterud et al., 
1986; Nemerson, 1988; Broze, 1992; Ruf & Edington, 
1994). In vascular damage or activation by certain cytokines 
or endotoxin, however, TF wiU be exposed to the blood, 
either by the (sub)endothelial cells (Weiss et al., 1989) or by 
certain blood cells (Warr et al., 1990), TF will then complex 
with factor Vila, which under normal conditions circulates 
at low concentrations in the blood (Wildgoose et aL, 1992), 
and the TF/factor Vila complex will start the coagulation 
cascade through the activation of factor X into factor Xa. 
The cascade will ultimately result in the formation of fibrin. 

For this sequence of events to occur, the TF: Vila complex 
has to be associated with a phospholipid surface upon which 
the coagulation-initiation complexes with factors IX or X 
can assemble (Ruf et al., 1991; Paborsky et al., 1991; Bach 
et al., 1986). For this reason, truncated TF (or tTF), from 
which the transmembrane and cytoplasmic regions have 
been removed by truncating the gene, is a soluble protein 
having one hundred-thousandth of the factor X-activating 
activity of native TF (Ruf et aL, 1991). 

(b) Clotting Factors 

Thrombin, Factor V/Va and derivatives, Factor VIIIA^IIa 
and derivatives. Factor IX/IXa and derivatives, Faaor X/Xa 
and derivatives. Factor Xl/XIa and derivatives. Factor XII/ 
Xlla and derivatives. Factor Xlll/XIIIa and derivatives. 
Factor X activator and Factor V activator may also be used 
in the present invention. 

(c) Venom Coagulants 

Russell's viper venom was shown to contain a coagulant 
protein by Williams and Esnouf in 1962, Kisiel (1979) 
isolated a venom glycoprotein that activates Factor V; and 
Di Scipio et al, (1977) showed that a protease from the 
venom activates human Factor X. The Factor X activator is 
the component contemplated for use in this invention. 

Monoclonal antibodies specific for the Factor X activator 
present in Russell's viper venom have also been produced 
(e.g., MPl of Pukrittayakamee et al,, 1983), and could be 
used to deliver the agent to a specific target site within the 
body. 

(d) Prostaglandins and Synthetic Enzymes 
Thromboxane A2 is formed from endoperoxides by the 

sequential actions of the enzymes cyclooxygenase and 
thromboxane synthetase in platelet microsomes. Thrombox- 
ane A2 is readily generated by platelets and is a potent 
vasoconstrictor, by virtue of its capacity to produce platelet 
aggregation (Whittle et al., 1981). 

Both thromboxane A2 and active analogues thereof are 
contemplated for use in the present invention. A synthetic 
protocol for generating thromboxane A^ is described by 
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Bhagwat et al. (1985). The thromboxane analogues Bispecific binding ligands that contain antibodies, or 
described by Ohuchida et. al (1981) (especially compound fragments thereof, directed against Tissue Factor, Thrombin, 

2) are particularly contemplated for use herewith. Prekallikein, Factor VA^a, Factor Vlll/VIIIa, Factor IX/IXa, 
It is possible that thromboxane synthase, and other Factor X/Xa, Factor Xl/XIa, Factor Xll/XIIa, Factor XIII/ 

enzymes that synthesize platelet-activating prostaglandins, 5 Xllla, Russell's viper venom, thromboxane or 

may also be used as "coagulants" in the present context. a2-antiplasminareexemplary embodiments of this aspect of 

Shen and Tai (1986a;b) describe monoclonal antibodies to, the invention, 

and immunoafiSnity purification of, thromboxane synthase; C. Linkage Means 

and Wang et. al. (1991) report the cDNAfor human throm- The first, targeting region and second, coagulating region 

boxane synthase. lo will be operatively linked to allow each region to perform its 

(e) Inhibitors of Fibrinolysis intended function without significant impairment. Thus, the 

a2-antiplasmin, or a2-plasmin inhibitor, is a proteinase targeting region is capable of binding to the intended target, 

inhibitor naturally present in human plasma that functions to as selected from the range of tumor environment targets, and 

efficiently inhibit the lysis of fibrin clots induced by plas- the coagulating region is capable of directly or indirectly, 

minogen activator (Moroi & Aoki, 1976). a2-antiplasmin is 15 e.g., through the release of a bound factor, promoting blood 

a particularly potent inhibitor, and is contemplated for use in coagulation or clotting. 

the present invention. To assess the targeting region binding function, all that is 

a2-antiplasmin may be purified as first described by required is to conduct a binding assay to ensure that the 

Moroi and Aoki (1976). Other purification schemes are also bispecific ligand still binds to the targeted component in 

available, such as using affinity chromatography on 20 substantially the same manner as the uncomplexed first 

plasminogen-Sepharose, ion-exchange chromatography on binding region. The suitable binding assays are of the type 

DEAE-Sephadex and chromatography on Concanavalin-A- usually seen in immunological binding assays, where the 

Sepharose; or using affinity chromatography on a Sepharose first targeting region is an antibody, and/or other biochemi- 

column bearing an elastase-digested plasminogen formula- cal binding assays, e.g., those using ^^^lodine labeled pro- 

tion containing the three N-terminal triple-loop structures in 25 teins or other radiolabeled components, as used to assess 

the plasmin A-chain (LBSI), followed by gel filtration ligand-receptor binding, to generate Scatchard plots, and the 

(Wman & CoUen, 1977; Wiman, 1980, respectively). like. 

As the cDNA sequence for a2-antiplasmin is available The target antigen or component in such assays may be 

(Tone et al., 1977), a preferred method for a2-antiplasmin provided in many forms, including proteins purified from 

production will be via recombinant expression. 30 natural or recombinant sources, membrane enriched 

Monoclonal antibodies against a2-antiplasmin are also preparations, intact cells and tissue sections. Generally, 

available that may be used in the bispecific binding ligand where protein compositions are used, they will immobilized 

embodiments of the invention. For example, Hattey et al. on a solid support, such as a microtitre plate, a membrane, 

(1987) described two MAbs against a2-antiplasmin, or even on a column matrix. It is also generally preferred to 

MPW2AP and MPW3AP. As each of these MAbs were 35 use a target composition that reflects the physiological 

reported to react equally well with native a2-antiplasmin, target, therefore as the target will usually be cell-associated, 

they could both be used to deliver exogenous the use of compositions that include intact cells, including 

a2-antiplasmin to a target site or to garner endogenous tissues and the cells themselves, is also preferred. 

a2-antiplasmin and concentrate it within the targeted region. The various immunological assays available to confirm 

Other antibodies, such as JTPI-2, described by Mimuro and 40 the functional binding of a bispecific complex include, e.g., 

colleagues, could also be used. Western blots, ELISAS, ELISAs using fixed cells, 

2. Agents that Bind Coagulation Factors immunohistochemistry, and fluorescent activated cell sort- 

Another group of bispecific coagulating ligands of this ing (FACS). The execution of all such assays is generally 

invention are those in which the targeting region is not known to those of skiU in the art, and is further disclosed 

directly linked to a coagulation factor, but is linked to a 45 herein. 

second binding region that binds to a coagulating factor. Assessing the targeting region binding function of a 

Where a second binding region is used to bind and deliver bispecific compound in any of the above or other binding 

a coagulation factor, the binding region is chosen so that it assays is a straightforward matter, where the bispecific 

recognizes a site on the coagulation factor that does not ligand and the uncomplexed first binding region wiU most 

significantly impair its ability to induce coagulation. The 50 usually be run in a paraUel assay, under the same conditions, 

regions of the coagulation factors suitable for binding in this to enable ready comparison. Effective bispecific ligands will 

manner will generally be the same as those regions that are bind to the target without significant impairment, i.e., in 

suitable for covalent linking to the targeting region, as substantially the same manner as the uncomplexed first 

described in the previous sections. binding region. Taking the uncomplexed binding region 

However, in that bispecific ligands of this class may be 55 assay result as the 100% reference value, "substantial bind- 

expected to release the coagulation factor following delivery ing'' of the bispecific ligand, as used herein, means that the 

to the tumor site or region, there is more flexibility allowed bispecific ligand exhibits at least about 50% binding, and 

in the regions of the coagulation factor suitable for binding more preferably, between about 50% and about 80% 

to a second binding agent or antibody. Another advantage is binding, and most preferably, between about 80% and about 

that bispecific antibodies can be pre-localized before infu- 60 100% binding. 

sion of tTF which may reduce the amount of tTf required Where the bispecific ligand includes a second binding 

and hence toxicity. region that binds to a coagulant, e.g., it is a bispecific 

Suitable second binding regions for use in this manner, antibody, further useful assays are those of the type that 

will generally be antigen combining sites of antibodies that allow the binding functions of both arms of the bispecific 

have binding specificity for the coagulation factor, including 65 ligand to be assessed at the same time. For example, this 

functional portions of antibodies, such as scFv, Fv, Fab*, Fab may be achieved by assessing the binding of a radiolabeled 

and F(ab')2 fragments. coagulant to a target cell via bridging with the bispecific 
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ligand or antibody. Such an assay is exemplified by the 
binding of tTF to target ceUs using the B21-2/10H10 bispe- 
cific antibody, as described in Example II. 

Determining the coagulating agent function of the bispe- 
cific ligand is also a straightforward matter. All that is 
required here is to conduct a coagulation assay using the 
bispecific ligand and ensure that it functions to promote 
coagulation in substantially the same manner as the uncom- 
plexed coagulating agent. This is true for "coagulating 
agents" that are both coagulation factors themselves and 
those that are second binding regions that bind to a coagu- 
lation factor. Naturally, in the latter case, in an in vitro or ex 
vivo assay, the bispecific ligand will be precomplexed with 
the coagulation factor to allow binding to the second binding 
region. 

One suitable coagulation assay is that in which the 
bispecific ligands, pre-complexed with coagulant if 
necessary, are admixed with a plasma sample. The appear- 
ance of fibrin strands is indicative of coagulation in this 
assay. Effective bispecific ligands would thus be expected to 
reduce the time taken for fibrin strands to appear, and 
particularly, to significantly reduce the elapsed time in 
comparison to control levels. 

A variation of the above assay involves first exposing 
appropriate target cells to the bispecific ligand under con- 
ditions effective, and for a time sufi&cient, to allow binding, 
washing the cells to remove non-specifically bound compo- 
nents and then resuspending the washed cells in plasma. 
Only cells effectively coated with the bispecific ligand 
would be expected to reduce the time taken for fibrin strands 
to appear in the assay. This type of assay is preferred in that 
it is, in itself, an assay that assesses both of the fiinctions of 
the bispecific construct, i.e., initial targeting to the cell and 
subsequent localized coagulation. 

To compare the coagulating function of a bispecific 
compound to that of an uncomplexed coagulating agent, 
parallel assays may again be conducted. Effective bispecific 
ligands will function to promote coagulation without sig- 
nificant impairment, i.e., will function in substantially the 
same manner as the uncomplexed coagulating agent. Taking 
the imcomplexed coagulant assay result as the 100% refer- 
ence value, "substantial function", as used herein, means 
that the bispecific ligand exhibits at least about 50% 
coagulation, and more preferably, between about 50% and 
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about 80% coagulation, and most preferably, between about 
80% and about 100% coagulation. 

The two functional regions of the bispecific ligands may 
be joined using synthetic chemistry techniques or recombi- 
nant DNA techniques. Each of these techniques are routinely 
employed and well known to those of skill in the art, and are 
further exemplified in Example I and by the details set forth 
below. 

1. Biochemical Cross-linkers 

The joining of an antibody, or other targeting component, 
to a coagulating agent will generally employ the same 
technology as developed for the preparation of immunotox- 
ins. However, considerable advantages are apparent in the 
present technology, as the consequences of a certain amount 
of uncomplexed coagulating agent becoming available 
physiologically are not contemplated to be particularly 
severe. Thus, the stability requirements for any cross-linkers 
are not so stringent as for linkers employed in other 
constructs, such as immunotoxins. Therefore, it can be 
considered as a general guideline that any biochemical 
crosslinker that is appropriate for use in an immunotoxin 
will also be of use in the present context, and additional 
linkers may also be considered. 

In addition to toxins, a variety of other chemotherapeutic 
and pharmacological agents have been linked to antibodies 
to form conjugates that have been shown to function phar- 
macologically (see, e.g., Vaickus et al., 1991). Exemplary 
antineoplastic agents that have been investigated include 
doxorubicin, daunomycin, methotrexate and vinblastine, 
amongst others (Dillman et al, 1988; Pietersz et al., 1988). 
Moreover, the attachment of other agents such as neocarzi- 
nostatin (Kimura et al., 1983), macromycin (Manabe et al., 
1984), trenimon (Ghose, 1982) and a-amanitin (Davis & 
Preston, 1981) has been described. The linking technology 
described in each of the foregoing scientific papers is also 
contemplated for use in connection with the present inven- 
tion. 

Cross-linking reagents are used to form molecular bridges 
that tie together functional groups of two different 
molecules, e.g., a binding and coagulating agent. To link two 
different proteins in a step-wise manner, heterobifunctional 
cross-linkers can be used that eliminate unwanted 
homopolymer formation (Table VI), 



TABLE VI 



HETEROBIFUNCnONAL CROSS-LINKERS 



Spacer Ann 
Length\after 



linker 


Reactive Toward 


Advantages and Applications 


cross-linking 


SMPT 


Primary amines 


Greater stability 


11.2 A 




Sulfhydryls 




6.8 A 


SPDP 


Primary amines 


Thiolation 




Sulfhydryls 


Qeavable cross-Unking 


15.6 A 


LC-SPDP 


Primary amines 


Extended spacer arm 




Sulfhydryls 




15.6 A 


Sulfo-LC-SPDP 


Primary amines 


Extended spacer arm 




Sulfhydryls 


Water-soluble 


11.6 A 


SMCC 


Primary amines 


Stable malelmide reactive group 




Sulfhydryls 


Enzyme-antibody conjugation 








Hapten-carrier protein conjugation 


11.6 A 


Sulfo-SMCC 


Primary amines 


Stable maleimide reactive group 




Sulfhydryls 


Water-soluble 








Enzyme-antibody conjugation 


9.9 A 


MBS 


Primary amines 


Enzyme-antibody conjugation 




Sulfhydryls 


Hapten-carrier protein conjugation 


9.9 A 


Sulfo-MBS 


Primary amines 


Water-soluble 




Sulfhydryls 




10.6 A 


SIAB 


Primary amines 


Enzyme-antibody conjugation 




Sulfhydryls 
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TABLE Vl-continued 



HETEROBIFUNCnONAL CROSS-LINKERS 



linker 


Reactive Toward 


Advantages and Applications 


Spacer Arm 
Lengtfa\after 
cross-linking 


Sulfo-SEAB 


Primary amines 


Water-soliible 


10.6 A 




Sulfhydryls 




14.5 A 


SMPB 


Primary amines 


Extended spacer arm 




Sulfhydryls 


Enzyme-antibody conjugation 


14.5 A 


Sulfo-SMPB 


Primary amines 


Extended spacer arm 




Sulfhydryls 


Water-soluble 




EDOSulfo-NHS 


Primary amines 


Elapten-Carricr conjugation 


0 




Carboxyl groins 




11.9 A 


ABH 


Carbohydrates 


Reacts with sugar groups 




Nonselective 







An exemplary heterobifunctional cross-lioker contains 
two reactive groups: one reacting with primary amine group 
(e.g., N-hydroxy succinimide) and the other reacting with a 
thiol group (e.g., pyridyl disulfide, maleimides, halogens, 
etc.). Through the primary amine reactive group, the cross- 
linker may react with the lysine residue(s) of one protein 
(e.g., the selected antibody or fragment) and through the 
thiol reactive group, the cross-Unker, already tied up to the 
first protein, reacts with the cysteine residue (free sulfhydryl 
group) of the other protein (e.g., the coagulant). 

It can therefore be seen that the preferred coagulants or 
coagulant binding regions will generally have, or be deriva- 
tized to have, a functional group available for cross-linking 
purposes. This requirement is not considered to be limiting 
in tfiat a wide variety of groups can be used in this manner. 
For example, primary or secondary amine groups, hydrazide 
or hydrazine groups, carboxyl alcohol, phosphate, or alky- 
lating groups may be used for binding or cross-linking. For 
a general overview of linking technology, one may wish to 
refer to Ghose & Blair (1987). 

The spacer arm between the two reactive groups of a 
cross-linker may have various lengths and chemical com- 
positions. A longer spacer arm allows a better flexibihty of 
the conjugate components while some particular compo- 
nents in the bridge (e.g., benzene group) may lend extra 
stability to the reactive group or an increased resistance of 
the chemical link to the action of various agents (e.g., 
disulfide bond resistant to reducing agents). The use of 
peptide spacers, such as L-Leu-L-Ala-L-Leu-L-Ala, is also 
contemplated. 

It is preferred that a cross-linker having reasonable sta- 
bility in blood will be employed. Numerous types of 
disulfide-bond containing linkers are known that can be 
successfully employed to conjugate targeting and coagulat- 
ing agents. Linkers that contain a disulfide bond that is 
sterically hindered may prove to give greater stability in 
vivo, preventing release of the coagulant prior to binding at 
the site of action. These linkers are thus one preferred group 
of linking agents. 

One of the most preferred cross-linking reagents for use 
in immunotoxins is SMFT, which is a bifunctional cross- 
linker containing a disulfide bond that is "sterically hin- 
dered" by an adjacent benzene ring and methyl groups. It is 
believed that stearic hindrance of the disulfide bond serves 
a function of protecting the bond from attack by thiolate 
anions such as glutathione which can be present in tissues 
and blood, and thereby help in preventing decoupling of the 
conjugate prior to the delivery of the attached agent to the 
tumor site. It is contemplated that the SMPT agent may also 
be used in connection with the bispecific coagulating ligands 
of this invention. 



The SMPT cross-linking reagent, as with many other 
20 known cross-linking reagents, lends the abiUty to cross-Hnk 
functional groups such as the SH of cysteine or primary 
amines (e.g., the epsilon amino group of lysine). Another 
possible type of cross-linker includes the heterobifunctional 
photoreactive phenylazides containing a cleavable disulfide 
2^ bond such as sulfosuccinimidyl-2-(p-azido saHcylamido) 
ethyl- l,3'-dithiopropionate. Hie N-hydroxy-succinimidyl 
group reacts with primary amino groups and the phenylazide 
(upon photolysis) reacts non-selectively with any amino acid 
residue. 

In addition to hindered cross-linkers, non-hindered linkers 

-^^ can also be employed in accordance herewith. Other usefiil 
cross-linkers, not considered to contain or generate a pro- 
tected disulfide, include SATA, SPDP and 2-iminothiolane 
(Wawrzynczak & Thorpe, 1987). The use of such cross- 
Unkers is well understood in the art. 

35 Once conjugated, the bispecific agent wiU generally be 
purified to separate the conjugate from unconjugated target- 
ing agents or coagulants and from other contaminants. It is 
important to remove unconjugated targeting agent to avoid 
the possibility of competition for the antigen between con- 

40 jugated and unconjugated species. A large a number of 
piu-ification techniques are available for use in providing 
conjugates of a sufficient degree of purity to render them 
cUnically useful. Purification methods based upon size 
separation, such as gel filtration, gel permeation or high 

45 performance liquid chromatography, will generally be of 
most use. Other chromatographic techniques, such as Blue- 
Sepharose separation, may also be xised. 
2. Recombinant Fusion Proteins 

The bispecific targeted coagulants of the invention may 
50 also be fusion proteins prepared by molecular biological 
techniques. The use of recombinant DNA techniques to 
achieve such ends is now standard practice to those of skill 
in the art. These methods include, for example, in vitro 
recombinant DNA techniques, synthetic techniques and in 
55 vivo recombination/genetic recombination. DNA and RNA 
synthesis may, additionally, be performed using an auto- 
mated synthesizers (see, for example, the techniques 
described in Sambrook et al., 1989; and Ausubel et al., 
1989). 

60 In general, to prepare a fusion a protein one would join a 
DNA coding region, such as a gene or cDNA, encoding a 
binding ligand or other targeting region to a DNA coding 
region (i.e., gene or cDNA) encoding a coagulation factor or 
coagulant binding region. This typically involves preparing 

65 an expression vector that comprises, in the same reading 
frame, a first DNA segment encoding the first binding region 
operatively linked to a second DNA segment encoding the 
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coagulation factor. The sequences are attached in a manner are not limited to, microorganisms such as bacteria (e.g., E. 

such that translation of the total nucleic acid yields the coli, B, subtilis) transformed with recombinant bacterioph- 

desired bispecific compounds of the invention. Expression age DNA, plasmid DNAor cosmid DNA expression vectors 

vectors contain one or more promoters upstream of the containing targeting agent/coagulant coding sequences; 

inserted DNA regions that act to promote transcription of the 5 yeast (e.g., Saccharomyces, Pichia) transformed with 

DNA and to thus promote expression of the encoded recom- recombinant yeast expression vectors containing targeting 

binant protein. This is the meaning of "recombinant expres- agent/coagulating agent coding sequences; insect cell sys- 

sion". tems infected with recombinant virus expression vectors 

Should a particular binding region or coagulant be (e.g., baculo virus) containing the targeting agent/ 

preferred, and the encoding DNA not instantly available, it lO coagulating agent coding sequences; plant cell systems 

may be obtained using the techniques of "molecular clon- infected with recombinant virus expression vectors (e.g., 

ing" in which a DNA molecule encoding the desired protein cauliflower mosaic virus, CaMV; tobacco mosaic virus, 

is obtained from a DNA library (e.g., a cDNA or genomic TMV) or transformed with recombinant plasmid expression 

library). In such procedures, an appropriate DNA library is vectors (e.g., Ti plasmid) containing the targeting agent/ 

screened, e.g., using an expression screening protocol 15 coagulant coding sequence; and mammalian cell systems 

employing antibodies directed against the protein, or activity (e.g., COS, CHO, BHK, 293, 3T3) harboring recombinant 

assays. Alternatively, screening may be based on the hybrid- expression constructs containing promoters derived from the 

ization of oligonucleotide probes, designed from a consid- genome of mammalian cells (e.g., metallothionein 

eration of portions of the amino acid sequence of the protein, promoter) or from mammalian viruses (e.g., the adenovirus 

or from the DNA sequences of genes encoding related 20 late promoter; the vaccinia virus 7.5K promoter), 

proteins. The operation of such screening protocols are well In bacterial systems a number of expression vectors may 

known to those of skill in the art and are described in detail be advantageously selected depending upon the use intended 

in the scientific literature, for example, in Sambrook et al. for the targeting agent/coagulating agent construct being 

(1989). expressed. For example, when large quantities of bispecific 

When produced via recombinant DNA techniques, the 25 agent are to be produced, vectors that direct the expression 

targeting agent/coagulating agent compounds of the inven- of high levels of fusion protein products that are readily 

tion are referred to as "fusion proteins". It is to be under- purified may be desirable. Such vectors include, but are not 

stood that such fusion proteins contain, at least, a targeting limited to, the E. Coli expression vector pUR278 (Ruther et 

agent and a coagulating agent as defined in this invention, al., 1983), in which the targeting agent'coagulating agent 

and that the agents are operatively attached. The fusion 30 coding sequence may be ligated individually into the vector 

proteins may also include additional peptide sequences, such in frame with the lac Z coding region so that a fusion protein 

as peptide spacers which operatively attach the targeting additionally containing a portion of the lac Z product is 

agent and coagulating agent compounds, as long as such provided; pIN vectors (Inouye et al., 1985; Van Heeke et al., 

additional sequences do not appreciably affect the targeting 1989); and the like. pGEX vectors may also be used to 

or coagulating activities of the resultant fusion protein. 35 express foreign polypeptides, such as the targeting agent/ 

It will be understood that the recombinant bispecific coagulating agent combinations as fusion proteins addition- 
protein ligands may differ from those bispecific constructs ally containing glutathione S-transferase (GST). In general, 
generated by chemically cross-linking the so-called such fusion proteins are soluble and can easily be purified 
naturally-produced proteins. In particular, the degree of from lysed cells by adsorption to glutathione-agarose beads 
post-translational modifications, such as, for example, gly- 40 followed by elution in the presence of free glutathione. The 
cosylation and phosphorylation may be different between pGEX vectors are designed to include thrombin or factor Xa 
recombinant fusions and chemical fusions of the same two protease cleavage sites so that the binding agent/coagulant 
proteins. This is not contemplated to be a significant protein of the overall fusion protein can be released from the 
problem, however, those of skill in the art will know to GST moiety, 

confirm that a recombinant fusion protein functions as 45 In a usefiil insect system. Autograph califomica nuclear 

intended, and expected from other data, before use in a polyhidrosis virus (AcNPV) is used as a vector to express 

clinical setting. foreign genes. The virus grows in Spodoptera fnigiperda 

One advantage of recombinant expression is that the cells. The targeting agent/coagulating agent coding 

linking regions can be readily manipulated so that, e.g., their sequences may be cloned into non-essential regions (for 

length and/or amino acid composition is readily variable. 50 example the polyhedrin gene) of the virus and placed under 

Non-cleavable peptide spacers may be provided to opera- control of an AcNPV promoter (for example the polyhedrin 

tively attach the two agents of the invention, if desired. promoter). Successful insertion of the bispecific hgand 

Equally, peptides with unique cleavage sites could be coding sequences will result in inactivation of the polyhe- 

inserted between the two components. drin gene and production of non-occluded recombinant virus 

If desired in a specific instance, it is possible to provide 55 (i.e., virus lacking the proteinaceous coat coded for by the 

a peptide spacer operatively attaching the targeting agent polyhedrin gene). These recombinant viruses are then used 

and coagulating agent which is capable of folding into a to infect Spodoptera frugiperda cells in which the inserted 

disulfide-bonded loop structure. Proteolytic cleavage within gene is expressed (e.g., see Smith et al., 1983; *U.S. Pat. No. 

the loop would then yield a heterodimeric polypeptide 4,215,051, Smith). 

wherein the targeting agent and the coagulating agent are 60 In mammalian host ceUs, a number of viral based exp res- 
linked by only a single disulfide bond (see, for example, sion systems may be utilized. In cases where an adenovirus 
Lord et al., 1992). is used as an expression vector, the targeting agent/ 
Many standard techniques are available to construct coagulating agent coding sequences may be ligated to an 
expression vectors containing the appropriate nucleic acids adenovirus transcription/translation control complex, e.g., 
and transcriptional/translational control sequences in order 65 the late promoter and tripartite leader sequence. This chi- 
to achieve protein expression in a variety of host-expression meric gene may then be inserted in the adenovirus genome 
. systems. The cell types available for expression include, but by in vitro or in vivo recombination. Insertion in a non- 
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essential region of the viral genome (e.g., region El or E3) Where antibodies are used as one or both portions of the 

will result in a recombinant virus that is viable and capable bispecific ligand, the choice of antibody will generally be 

of expressing bispecific proteins in infected hosts (e.g., see dependent on the type tumor and coagulating ligand chosen. 

Logan et al., 1984). However, certain advantages may be achieved through the 

Specific initiation signals may also be required for effi- 5 application of particular types of antibodies. For example, 

cient translation of inserted targeting agent/coagulating while IgG based antibodies may be expected to exhibit 

agent coding sequences. These signals include the ATG better binding capability and slower blood clearance than 

, initiation codon and adjacent sequences. Exogenous trans- their Fab' counterparts. Fab' fragment-based compositions 

lational control signals, including the ATG initiation codon, will generally exhibit better tissue penetrating capability, 

may additionally need to be provided. One of ordinary skill 10 1. Monoclonal Antibodies 

in the art would readily be capable of determining this and Means for preparing and characterizing antibodies are 
providing the necessary signals. It is well known that the well known in the art (See, e.g., * Antibodies: A Laboratory 
initiation codon must be in phase (or in-firame) with the Manual, Cold Spring Harbor Laboratory, 1988). 
reading frame of the desired coding sequence to ensure The methods for generating monoclonal antibodies 
translation of the entire insert. These exogenous transla- is (MAbs) generally begin along the same lines as those for 
tional control signals and initiation codons can be of a preparing polyclonal antibodies. Briefly, a polyclonal anti- 
variety of origins, both natural and synthetic. The efiSciency body is prepared by immunizing an animal with an immu- 
of expression may be enhanced by the inclusion of appro- nogenic composition in accordance with the present 
priate transcription enhancer elements, transcription invention, either with or without ppor immunotolerizing, 
terminators, etc. (see Bittner et al., 1987), 20 depending on the antigen composition and protocol being 
In addition, a host cell strain may be chosen which employed (e.g., tolerizing to a normal cell population and 
modulates the expression of the inserted sequences, or then immunizing with a tumor cell population), and collect- 
modifies and processes the gene product in the specific ing antisera from that immunized animal. A wide range of 
fashion desired. Such modifications (e.g., glycosylation) and animal species can be used for the production of antisera. 
processing (e.g., cleavage) of protein products may be 25 Typically the animal used for production of anti-antisera is 
important for the function of the protein. Different host cells a rabbit, a mouse, a rat, a hamster, a guinea pig or a goat, 
have characteristic and specific mechanisms for the post- Because of the relatively large blood volume of rabbits, a 
translational processing and modification of proteins. rabbit is a preferred choice for production of polyclonal 
Appropriate cells lines or host systems can be chosen to antibodies. 

ensure the correct modification and processing of the foreign 30 As is well known in the art, a given composition may vary 

protein expressed. To this end, eukaryotic host cells which in its immunogenicity. It is often necessary therefore to 

possess the cellular machinery for proper processing of the boost the host immune system, as may be achieved by 

primary transcript, glycosylation, and phosphorylation of coupling a peptide or polypeptide immunogen to a carrier, 

the gene product may be used. Such mammalian host cells Exemplary and preferred carriers are keyhole limpet 

include, but are not limited to, CHO, VERO, BHK, HeLa, 35 hemocyanin (KLH) and bovine serum albumin (BSA). 

COS, MDCK, 293, 3T3, WI38, etc. Other albumins such as ovalbumin, mouse serum albumin or 

For long-term, high-yield production of recombinant rabbit serum albumin can also be used as carriers. Means for 

proteins, stable expression is preferred. For example, cell conjugating a polypeptide to a carrier protein are well 

lines that stably express constructs encoding the targeting known in the art and include glutaraldehyde, 

agent/coagulant ligands may be engineered. Rather than 40 m-maleimidobencoyl-N-hydroxysuccinimide ester, carbodi- 

using expression vectors that contain viral origins of imyde and bis-biazotized benzidine, 

replication, host cells can be transformed with targeting As is also well known in the art, the immunogenicity of 

agent/coagulant DNA controlled by appropriate expression a particular immunogen composition can be enhanced by the 

control elements (e.g., promoter, enhancer, sequences, tran- use of non-specific stimulators of the immune response, 

scrip tion terminators, polyadenylation sites, etc.), and a 45 known as adjuvants. Exemplary and preferred adjuvants 

selectable marker. Following the introduction of foreign include complete Freund's adjuvant (a non-specific stimu- 

DNA, engineered cells may be allowed to grow for 1-2 days lator of the immune response containing killed Mycobacte- 

in an enriched media, and then are switched to a selective Hum tuberculosis), incomplete Freund*s adjuvants and alu- 

media. The selectable marker in the recombinant plasmid minum hydroxide adjuvant. 

confers resistance to the selection and allows cells to stably 50 The amount of immunogen composition used in the 

integrate the plasmid into their chromosomes and grow to production of polyclonal antibodies varies upon the nature 

form foci which in turn can be cloned and expanded into cell of the immunogen as well as the animal used for immuni- 

lines. zation. A variety of routes can be used to administer the 

A number of selection systems may be used, including, immunogen (subcutaneous, intramuscular, intradermal, 

but not limited, to the herpes simplex virus thymidine kinase 55 intravenous and intraperitoneal). The production of poly- 

(Wgler et al., 1977), hypoxanthine-guanine phosphoribo- clonal antibodies may be monitored by sampling blood of 

syltransferase (Szybalska et al., 1962), and adenine phos- the immunized animal at various points following immuni- 

phoribosyhransferase genes (Lowy et al., 1980) can be zation. A second, booster injection, may also be given. The 

employed in tk-, hgprt- or aprt-cells, respectively. Also, process of boosting and titering is repeated until a suitable 

antimetabolite resistance can be used as the basis of selec- 60 titer is achieved. When a desired titer level is obtained, the 

tion for dhfi:, which confers resistance to methotrexate immunized animal can be bled and the serum isolated and 

(Wgleret al., 1980; O'Hare et al., 1981); gpt, which confers stored, and/or the animal can be used to generate MAbs. 

resistance to mycophenolic acid (Mulligan et al., 1981); neo, MAbs may be readily prepared through use of well- 

which confers resistance to the aminoglycoside G-418 known techniques, such as those exemplified in *U.S. Pat. 

(Colberre-Garapin et al., 1981); and hygro, which confers 65 No. 4,196,265, incorporated herein by reference. Typically, 

resistance to hygromydn (Santerre et al., 1984). this technique involves immunizing a suitable animal with a 

D. Antibodies selected immunogen composition, e.g., a purified or partially 



5,877,289 



59 



60 



purified tumor cell or vascular endothelial cell protein, 
polypeptide, peptide, or intact cell composition. The immu- 
nizing composition is administered in a manner effective to 
stimulate antibody producing cells. Rodents such as mice 
and rats are preferred animals, however, the use of rabbit, 
sheep frog cells is also possible. The use of rats may provide 
certain advantages (*Goding, 1986, pp. 60-61), but mice are 
preferred, with the BALB/c mouse being most preferred as 
this is most routinely used and generally gives a higher 
percentage of stable fusions. 

Following immunization, somatic cells with the potential 
for producing antibodies, specifically B lymphocytes (B 
cells), are selected for use in the MAb generating protocol. 
These cells may be obtained from biopsied spleens, tonsils 
or lymph nodes, or from a peripheral blood sample. Spleen 
cells and peripheral blood cells are preferred, the former 
because they are a rich source of antibody-producing cells 
that are in the dividing plasmablast stage, and the latter 
because peripheral blood is easily accessible. Often, a panel 
of animals will have been immunized and the spleen of 
animal with the highest antibody titer will be removed and 
the spleen lymphocytes obtained by homogenizing the 
spleen with a syringe. Typically, a spleen from an immu- 
nized mouse contains approximately 5x10^ to 2x10^ lym- 
phocytes. 

The antibody-producing B lymphocytes from the immu- 
nized animal are then fused with cells of an immortal 
myeloma cell, generally one of the same species as the 
animal that was immunized. Myeloma cell lines suited for 
iise in hybridoma-producing fusion procedures preferably 
are non-antibody-producing, have high fusion eflSciency, 
and enzyme deficiencies that render then incapable of grow- 
ing in certain selective media which support this growth of 
only the desired fused cells (hybridomas). 

Any one of a number of myeloma cells may be used, as 
are known to those of skill in the art (* Coding, pp. 65-66, 
1986; *Campbell, pp. 75-83, 1984), For example, where the 
immunized animal is a mouse, one may use P3-X63/Ag8, 
X63-Ag8.653, NSl/l.Ag 4 1, Sp210-Agl4, FO, NSOAJ, 
MPC-11, MPC11-X45-GTG 1.7 and S194/5XXO Bui; for 
rats, one may use R210.RCY3,Y3-Ag 1.2.3, 1R983F, 4B210 
or one of the above listed mouse cell lines; and U-266, 
GM1500-GRG2, UCR-L0N-HMy2 and UC729-6, are all 
useful in connection with human cell fusions. 

One preferred murine myeloma cell is the A63-A68, 653 
myeloma cell line, which is readily available from the 
/&CC. Another mouse myeloma cell line that may be used 
is the 8-azaguanine-resistant riiouse murine myeloma SP2/0 
non-producer cell line. 

Methods for generating hybrids of antibody-producing 
spleen or lymph node cells and myeloma cells usually 
comprise mixing somatic cells with myeloma cells in a 4:1 
proportion, though the proportion may vary from about 20:1 
to about 1:1, respectively, in the presence of an agent or 
agents (chemical or electrical) that promote the fusion of cell 
membranes. Fusion methods using Sendai virus have been 
described by Kohler & Miktein (1975; 1976), and those 
using polyethylene glycol (PEG), such as 37% (vA^) PEG, 
by Gefter et al. (1977). The use of electrically induced fusion 
methods is also appropriate (* Coding pp. 71-74, 1986). 

Fusion procedures usually produce viable hybrids at low 
frequencies, about 1x10"^ to 1x10"®. However, this does not 
pose a problem, as the viable, fused hybrids are differenti- 
ated from the parental, unfused cells (particularly the 
unfused myeloma cells that would normally continue to 
divide indefinitely) by culturing in a selective medium. The 
selective medium is generally one that contains an agent that 
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blocks the de novo synthesis of nucleotides in the tissue 
culture media. Exemplary and preferred agents are 
aminopterin, methotrexate, and azaserine. Aminopterin and 
methotrexate block de novo synthesis of both purines and 
pyrimidines, whereas azaserine blocks only purine synthe- 
sis. Where aminopterin or methotrexate is used, the media is 
supplemented with hypoxanthine and thymidine as a source 
of nucleotides (HAT medium). Where azaserine is used, the 
media is supplemented with hypoxanthine. 

The preferred selection medium is HAT. Only cells 
capable of operating nucleotide salvage pathways are able to 
survive in HAT medium. The myeloma cells are defective in 
key enzymes of the salvage pathway, e.g., hypoxanthine 
phosphoribosyl transferase (HPRT), and they cannot sur- 
vive. The B cells can operate this pathway, but they have a 
limited life span in culture and generally die within about 
two weeks. Hierefore, the only cells that can survive in the 
selective media are those hybrids formed from myeloma and 
B cells. 

This culturing provides a population of hybridomas from 
which specific hybridomas are selected. Typically, selection 
of hybridomas is performed by culturing the cells by single- 
clone dilution in micro titer plates, followed by testing the 
individual clonal supematants (after about two to three 
weeks) for the desired reactivity. The assay should be 
sensitive, simple and rapid, such as radioimmunoassays, 
enzyme immunoassays, cytotoxicity assays, plaque assays, 
dot immunobinding assays, and the like. 

The selected hybridomas would then be serially diluted 
and cloned into individual antibody-producing cell lines, 
which clones can then be propagated indefinitely to provide 
MAbs. The cell lines may be exploited for MAb production 
in two basic ways. A sample of the hybridoma can be 
injected (often into the peritoneal cavity) into a histocom- 
patible animal of the type that was used to provide the 
somatic and myeloma cells for the original fusion. The 
injected animal develops tumors secreting the specific 
monoclonal antibody produced by the ftised cell hybrid. The 
body fluids of the animal, such as serum or ascites fluid, can 
then be tapped to provide MAbs in high concentration. The 
individual cell lines could also be cultured in vitro, where 
the MAbs are naturally secreted into the culture medium 
from which they can be readily obtained in high concentra- 
tions, MAbs produced by either means may be further 
purified, if desired, using filtration, centrifugation and vari- 
ous chromatographic methods such as HPLC or afl&nity 
chromatography. 

The inventors also contemplate the use of a molecular 
cloning approach to generate monoclonals. For this, com- 
binatorial immunoglobulin phagemid libraries are prepared 
from RNA isolated from the spleen of the immunized 
animal, and phagemids expressing appropriate antibodies 
are selected by panning using cells expressing the antigen 
and control cells e.g., normal-versus-tumor cells. The advan- 
tages of this approach over conventional hybridoma tech- 
niques are that approximately 104 times as many antibodies 
can be produced and screened in a single round, and that new 
specificities are generated by H and L chain combination 
which further increases the chance of finding appropriate 
antibodies. 

Where MAbs are employed in the present invention, they 
may be of hiuuan, murine, monkey, rat, hamster, chicken or 
even rabbit origin. The invention contemplates the use of 
human antibodies, "humanized" or chimeric antibodies from 
mouse, rat, or other species, bearing human constant and/or 
variable region domains, and other recombinant antibodies 
and fragments thereof. Of course, due to the ease of prepa- 
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ration and ready availability of reagents, murine monoclonal Examples include chimeric molecules that bind T cells, e.g., 
antibodies wiU typically be preferred. at CD3, and tumor antigens, and trigger lymphocyte- 

2. Functional Antibody Binding Regions activation by physically cross-linking the TCR/CD3 com- 

The origin or derivation of the targeting agent antibody or plex in close proximity to the target cell (Staerz et al., 1985; 
antibody fragment (e.g.. Fab', Fab, F(ab') 2, Fv or scFv) is 5 Perez et al., 1985; 1986a; 1986b; Tmg et al., 1988). 
not believed to be particularly crucial to the practice of the Indeed, tumor cells of carcinomas, lymphomas, leukemias 

invention, so long as the antibody or fragment that is and melanomas have been reported to be susceptible to 
actually employed for the preparation of the bispecific bispecific antibody-mediated killing by T cells (Nelson, 
hgand exhibits the desired binding properties. 1991; Segal et al., 1992; deLeij et al., 1991), These type of 

It may be necessary use antibody preparations in which lO bispecific antibodies have also been used in several Phase I 
the Fc portion has been removed. Fragmentation of immu- clinical trials against diverse tumor targets. Although they 
noglobulin molecules can be achieved by controlled are not novel compositions in accordance with this 
proteolysis, although the conditions will vary considerably invention, the combined use of bispecific cross-linking 
with species and immunoglobulin class or subclass. Bivalent antibodies along with the bispecific coagulating ligands 
F{hh% fragments are usually preferable over the univalent 15 described herein is also contemplated. The bispecific cross- 
Fab or Fab' fragments. linking antibodies may be administered as described in 

references such as deLeij et al. (1991); Clark et al. (1991); 

Fab fragments can be obtained by proteolysis of the whole Rivoltini et al. (1992); Bolhuis et al. (1992); and Nitta et al. 
immimoglobulin by the non-specific thiol protease, papain. (1990). 

Papain must first be activated by reducing the sulphydryl 20 While numerous methods are known in the art for the 
group in the active site with cysteine, 2-mercaptoethanol or preparation of bispecific antibodies, the Glennie et al. (1987) 
dithiothreitol. Heavy metals in the stock enzyme should be method involves the preparation of peptic F(ab'y)2 fragments 
removed by chelation with EDTA (2 mM) to ensure maxi- from the two chosen antibodies, followed by reduction of 
mum enzyme activity. Enzyme and substrate are normally each to provide separate Fab'ySH fragments. The SH groups 
mixed together in the ratio of 1:100 by weight. After 25 on one of the two partners to be coupled are then alkylated 
incubation, the reaction can be stopped by irreversible with a cross-linking reagent such as 
alkylation of the thiol group with iodoacetamide or simply o-phenylenedimaleimide to provide free maleimide groups 
by dialysis. The completeness of the digestion should be on one partner. This partner may then be conjugated to the 
monitored by SDS-PAGE and the various fractions sepa- other by means of a thioether linkage, to give the desired 
rated by protein A-Sepharose or ion exchange chromatog- 30 F(ab'Y)2 heteroconjugate. 

^^P^y- Due to ease of preparation, high yield and reproducibility, 

F(ab')2 the Glennie et al. (1987) method is often preferred for the 

The usual procedure for preparation of F(ab')2 fragments preparation of bispecific antibodies, however, there are 
from IgG of rabbit and human origin is limited proteolysis numerous other approaches that can be employed and that 
by the enzyme pepsin (Protocol 73.2). The conditions, 35 are envisioned by the inventors. For example, other tech- 
lOOxantibody excess w/w in acetate buffer at pH 4.5, 37° C, niques are known wherein crosslinking with SPDP or pro- 
suggest that antibody is cleaved at the C-terminal side of the tein A is carried out, or a trispecific construct is prepared 
inter-heavy-chain disulfide bond. Rates of digestion of (Titus et al, 1987; Tutt et al., 1991). 
mouse IgG may vary with subclass and it may be difficult to Another method for producing bispecific antibodies is by 
obtain high yields of active F(ab')2 fragments without some 40 the fusion of two hybridomas to form a quadroma (Flavell 
undigested or completely degraded IgG. In particular, IgGi^ et al., 1991, 1992; Pimm et al., 1992; French et al., 1991; 
is highly susceptible to complete degradation. The other EmbletonetaL, 1991). As used herein, the term "quadroma" 
subclasses require different incubation conditions to produce is used to describe the productive fusion of two B cell 
optiinal results. hybridomas. Using now standard techniques, two antibody 

Digestion of rat IgG by pepsin requires conditions includ- 45 producing hybridomas are fused to give daughter cells, and 
ing dialysis in O.IM acetate buffer, pH 4.5, and then incu- those cells that have maintained the expression of both sets 
bation for four hours with 1% w/w pepsin; IgG^ and IgG2^ of clonotype immunoglobulin genes are then selected, 
digestion is improved if first dialysed against O.IM formate A preferred method of generating a quadroma involves 
buffer, pH 2.8, at 4** C, for 16 hours followed by acetate the selection of an enzyme deficient mutant of at least one 
buffer. IgG^b gives more consistent results with incubation 50 of the parental hybridomas. This first mutant hybridoma cell 
in staphylococcal V8 protease (3% w/w) in O.IM sodium fine is then fused to ceUs of a second hybridoma that had 
phosphate buffer, pH 7.8, for four hours at 37" C. been lethally exposed, e.g., to iodoacetamide, precluding its 

3. Bispecific Antibodies continued survival. Cell fusion allows for the rescue of the 

In general, the preparation of bispecific antibodies is also first hybridoma by acquiring the gene for its enzyme defi- 
well known in the art, as exemplified by Glennie et al. 55 ciency from the lethally treated hybridoma, and the rescue of 
(1987). Bispecific antibodies have been employed clinically, the second hybridoma through fusion to the first hybridoma. 
for example, to treat cancer patients (Bauer et al.^ 1991). One Preferred, but not required, is the fusion of immunoglobulins 
method for the preparation of bispecific antibodies involves of the same isotype, but of a different subclass. A mixed 
the separate preparation of antibodies having specificity for subclass antibody permits the use if an alternative assay for 
the targeted tumor cell antigen, on the one hand, and the 60 the isolation of a preferred quadroma. 
coagulating agent (or other desired target, such as an acti- In more detail, one method of quadroma development and 
vating antigen) on the other. screening involves obtaining a hybridoma line that secretes 

Bispecific antibodies have also been developed particu- the first chosen MAb and making this deficient for the 
larly for use as immunotherapeutic agents. As mentioned essential metabolic enzyme, hypoxanthine-guanine phos- 
earlier in conjimction with antigen-induction, certain of 65 phoribosyltransferase (HGPRT). To obtain deficient mutants 
these antibodies were developed to cross-link lymphocytes of the hybridoma, cells are grown in the presence of increas- 
and tumor antigens (Nelson, 1991; Segal et al, 1992). ing concentrations of 8-azaguanine (IxlO^'^M to lxlO"^M). 
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The mutants are subcloned by limiting dilution and tested molecular weight than the other, wherein the band of the 
for dieir hypoxanthine/aminopterin/thymidine (HAT) sensi- BsAbs migrates midway between that of the two parental 

tivity. The cultxu-e medium may consist of, for example, antibodies. Reduction of the samples verifies the presence of 

DMEM supplemented with 10% FCS, 2 mM L-Glutamine heavy chains with two different apparent molecular weights, 

and 1 mM penicillin-streptomycin. 5 Furthermore, recombinant technology is now available 

A complementary hybridoma cell line that produces the preparation of antibodies in general, allowing the 

second desired MAb is used to generate the quadromas by preparation of recombinant antibody genes encoding an 

standard cell fusion techniques (Galfre et al., 1981), or by antibody having the desired dual specificity (Van Duk et al, 

using the protocol described by Clark et al. (1988). Briefly, ^^^^)- ^^^^^ selecting the monoclonal antibodies hav- 

4.5x10^ HAT-sensitive first cells are mixed with 2.8x10^ lO "^gt^^e most preferred binding characteristics, the respective 

HAT-resistant second ceUs that have been pre-treated with a 8^°^^ /o^ ^^^^ antibodies can be isolated, e.g., by immu- 

lethal dose of the irreversible biochemical inhibitor iodoac- ^}^^}^^}^ TolT^' f Vtf. ^^'Ta^^ ^'""'^P' t 

etamide(5mMinphosphatebufferedsaHne)for30minutes ™^';infnf T^" ^'""^ '^^t 

on ice before fusion. CeU fusion is induced using polyeth- '''h™T^ domains, the appropnate chi- 

ylene glycol (PEG) and the cells are plated out fn % well 15 TBrnSSys 

microculture plates. Quadromas are selected using HAT- Although the present invention has significant utiUty in 

contaimng medium. Bispecific antibody-containing cultures animal and human treatment regimens, it also has many 

are identified using, for example, a soUd phase isotype- other practical uses. These uses are generaUy related to the 

specific ELISA and isotype-specific immunofluorescence specific binding ability of the bispecific compounds. In that 

staining. 20 all the compounds of the invention include at least one 

In one identification embodiment to identify the bispecific targeting and binding component, e.g., an antibody, ligand, 

antibody, the wells of microtiter plates (Falcon, Becton receptor, or such like, the resultant bispecific construct may 

Dickinson Labware) are coated with a reagent that specifi- be used in virtually aU of the binding embodiments that the 

cally interacts with one of the parent hybridoma antibodies original antibody, ligand or receptor, etc., may be used. The 

and that lacks cross-reactivity with both antibodies. The 25 presence of the coagulant, or other binding regions, does not 

plates are washed, blocked, and the supernatants (SNs) to be negate the utility of the first binding regions in any binding 

tesfed are added to each well. Plates are incubated at room assay. 

temperature for 2 hours, the supernatants discarded, the As such, the bispecific coagulating ligands may be 

plates washed, and diluted alkaline phosphatase -anti- employed in standard binding assays, such as in 

antibody conjugate added for 2 hours at room temperature. 30 immunoblots. Western blots, and other assays in which an 

The plates are washed and a phosphatase substrate, e.g., antigen is immobilized onto a solid support matrix, e.g., 

P-Nitrophenyl phosphate (Sigma, St. Louis) is added to each nitrocellulose, nylon or a combination thereof. They may be 

well. Plates are incubated, 3N NaOH is added to each well employed simply as an "antibody substitute" or may be used 

to stop the reaction, and the OD4J0 values determined using to provide a more-specific detection means for use in 

an ELISA reader. 35 detecting antigens against which standard secondary 

In another identification embodiment, microtiter plates reagents cause an unacceptably high background. This is 

pre-treated with poly-L-lysine are used to bind one of the especiaUy useful when the antigens studied are themselves 

target cells to each well, the cells are then fixed, e.g. using immunoglobulins or other antibodies are used in the 

1% glutaraldehyde, and the bispecific antibodies are tested procedure, as exemplified below in the case of ELISAs. 

for their ability to bind to the intact ceU. In addition, FACS, 40 The bispecific binding ligands may also be used in 

immunofluorescence staining, idiotype specific antibodies, conjunction with both fresh-frozen and formalin-fixed, 

antigen binding competition assays, and other methods paraffin-embedded tissue blocks in immunohistochemistry; 

common in the art of antibody characterization may be used in fluorescent activated cell sorting, flow cytometry or flow 

in conjunction with the present invention to identify pre- microfluorometry; in immunoprecipitation to separate a tar- 

ferred quadromas. 45 get antigen from a complex mixture, in which case, due to 

FoUowing the isolation of the quadroma, the bispecific their potential to form molecular lattices, they may even 

antibodies are purified away from other cell products. This achieve precipitation without a secondary matrix-coupled 

may be accomplished by a variety of protein isolation reagent; in antigen or cell purification embodiments, such as 

procedures, known to those skilled in the art of immuno- affinity chromatography, even including, in certain cases, the 

globulin purification. Means for preparing and characteriz- 50 one-step rapid purification of one or more ceU populations at 

ing anybodies are well known in the art (See, e.g., * Anti- the same time; and in many other binding assays that will be 

bodies: A Laboratory Manual, 1988). known to those of skill in the art given the information 

For example, supernatants from selected quadromas are presented herein, 

passed over protein A or protein G sepharose columns to As an example, the bispecific ligands of the invention may 

bind IgG (depending on the isotype). The bound antibodies 55 be used in ELISA assays. Many types of ELISAs are known 

are then eluted with, e.g, a pH 5.0 citrate buffer. The elute and routinely practiced in the art. Hie bispecific ligands may 

fractions containing the BsAbs, are dialyzed against an be employed in any of the binding steps, depending on the 

isotonic buffer. Alternatively, the eluate is also passed over particular type of ELISA being performed and the "antigen" 

an anti-immunoglobulin-sepharose column. The BsAb is (component) to be detected. The ligands could therefore be 

then eluted with 3.5M magnesium chloride. BsAbs purified 60 used to coat the plate, to compete for binding sites, as an 

in this way are then tested for binding activity by, e.g., an antigen to provide a standard curve, as a primary binding 

isotype-specific ELISA and immunofluorescence staining ligand, as a secondary binding ligand or even as a tertiary or 

assay of the target cells, as described above. other binding ligand. The many modes of conducting ELI- 

Purified BsAbs and parental antibodies may also be SAs will be known to those of skill in the art, in further light 

characterized and isolated by SDS-PAGE electrophoresis, 65 of the exemplary mode discussed below, 

followed by staining with silver or Coomassie. This is In one form of an ELISA, binding targets, generaUy 

possible when one of the parental antibodies has a higher antibodies themselves, are immobilized onto a selected 
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surface, preferably a surface exhibiting a protein affinity 
such as the wells of a polystyrene microliter plate. After 
washing to remove incompletely adsorbed material, it is 
desirable to bind or coat the assay plate wells with a 
nonspecific protein that is known to be antigenically neutral 
with regard to the test antisera such as bovine serum albumin 
(BSA), casein or solutions of milk powder. This allows for 
blocking of nonspecific adsorption sites on the immobilizing 
surface and thus reduces the background caused by nonspe- 
cific binding of antisera onto the surface. 

In these types of ELISAs, generally termed sandwich 
ELISAs, the plate-bound antibody is used to "trap" the 
antigen. After binding of the first antibody to the well, 
coating with a non-reactive material to reduce background, 
and washing to remove unbound material, the immobilizing 
surface is contacted with, in the present exemplary 
embodiment, a test sample containing the antigenic material 
to be detected and/or titered in a manner conducive to 
immune complex (antigen/antibody) formation. These 
embodiments are particularly useful for detecting ligands in 
clinical samples or biological extracts. The samples are 
preferably diluted with solutions of BSA, bovine gamma 
globulin (BGG) and phosphate buffered saline (PBS) and a 
detergent, e.g. Tween. 

The layered antisera is then allowed to incubate for from 
2 to 4 hours, at temperatures preferably on the order of 25** 
to 37** C. Following incubation, the antisera-contacted sur- 
face is washed so as to remove non-immunocomplexed 
material. A preferred washing procedure includes washing 
with a solution such as PBS/Tween, or borate buffer. 

Following formation of specific immunocomplexes 
between the bound antigen and the test sample, and subse- 
quent washing, the occurrence and amount of immunocom- 
plex formation may be determined by subjecting same 
complex to a secondary specific binding component, which 
is generally an antibody-based component. In a particular 
embodiment, the bispecific ligands of the invention are 
proposed for use in this step. Further specific binding and 
washing steps are then conducted. 

To provide a detecting means, in the present exemplary 
embodiment, a third antibody is used that is linked to a 
detectable label, such as an associated enzyme that will 
generate a color development upon incubating with an 
appropriate chromogenic substrate. The third, or tertiary, 
labeled antibody has binding affinity for a component of the 
bispecific ligand. The ultimate immunocomplex is 
determined, after appropriate binding and washing steps, by 
detecting the label, e.g., by incubating with a chromogenic 
substrate, such as urea and bromocresol purple or 2,2'-azino- 
di-(3-ethyl-benzthiazoline-6-sulfonic acid [ABTS] and 
H2O2. Quantification is then achieved by measuring the 
degree of color generation, e.g., using a visible spectra 
spectrophotometer. 

Using a bispecific coagulating ligand as a secondary 
detection reagent in conjunction with the type of ELISA 
described above has distinct advantages. For example, it 
allows the use of a tertiary, labeled antibody that is specific 
for a portion of the bispecific ligand that is distinct from the 
typical antibody constant regions usually targeted. In 
particular, a tertiary binding ligand that is specific for the 
coagulant portion (or coagulant binding region) of the 
bispecific construct may be employed. Tliis novel means of 
detecting immune complex formation imparts improved 
specificity, which is particularly useful in sandwich EUSAs 
where the tertiary antibody may cross-react with, and bind 
to, the original material used to coat the plate, i.e., the 
original antibody, rather than just binding to the intended 
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secondary antibody. By directing the labelled tertiary com- 
ponent to an non-antibody portion, or even to a novel 
antigen combining region, of a bispecific ligand, the prob- 
lem of non-specific binding, and unusually high 
background, will be avoided. 

Further practical uses of the bispecific ligands are evident 
by exploiting their coagulating ability. As all of the proposed 
compounds are capable of inducing coagulation, they may 
be employed, e.g., as a control, in any assay that involves 
coagulation as a component. The presence of the targeting 
component does not negate the utility of the coagulant in 
such assays, as each component functions independendy of 
the other. 

R Effective Use of Tissue Factor-Binding Bispecific Anti- 
bodies 

As mentioned earlier, tissue factor (TF) is one agent 
capable of initiating blood coagulation. TF is exposed to the 
blood in vascular damage or following activation by certain 
cytokines. Available TF then complexes with factor Vila to 
initiate the coagulation cascade that ultimately results in 
fibrin formation. 

In one exemplary embodiment, the inventors have syn- 
thesized a bispecific antibody with specificity for antigens 
on tumor vasculature endothelial cells on one antigen com- 
bining site and specificity for the extracellular domains of 
human TF on the other antigen combining site. The antibody 
with specificity for human TF was previously shown to bind 
TF with high affinity without interfering with the factor Vila 
complexing event or the TFATIa activity (Morrissey et al., 
1988). Instead of using full length human TF, the inventors 
used a truncated form (tTF), which is devoid of the cyto- 
plasmic as well as the transmembrane domain. Truncated TF 
lacks coagulation inducing activity, while still being able to 
complex factor Vila, probably because it is not able to 
complex with a membrane surface upon which the 
coagulation-initiation complexes, including Factor X, could 
assemble. 

The mouse model used for analyzing the effectiveness of 
this tumor vasculature endothelial cell specific targeting 
construct was a recently established model in which MHC 
class II antigens, that are absent from the vasculature of 
normal tissues, are expressed on the tumor vasculature 
through induction by IFN-y that is secreted by the tumor 
cells (Burrows et al., 1992; Burrows & Thorpe, 1993). It has 
been demonstrated that anti-class II antibody administered 
intravenoiisly localizes rapidly and strongly to the tumor 
vasculature (Burrows et al., 1992). 

The present inventors herein demonstrate that, in a C1300 
(Muy) tumor bearing mouse, the anti-MHC Class II/anti-TF 
bispecific antibody is able to induce coagulation specifically 
in the vasculature of the tumor when administered together 
with tTF. Indeed, intravenous administration of the anti- 
bodyrtlP complex induced rapid thrombosis of tumor vas- 
culature and complete tumor regressions in 70% of animals. 
Neither the bispecific antibody alone, nor tTF alone, nor any 
of the isotype matched control antibodies in the presence or 
absence of tTF, was able to elicit the same effect. This 
indicates that the B21-2/10H10 bispecific antibody acts as a 
"coaguligand" that is capable of bridging target cells and tTF 
so that tTF can activate factor X and start the coagulation 
cascade. It also shows the evident success of the coaguligand 
in treating solid tumors. 
G. Pharmaceutical Compositions and Kits 

Pharmaceutical compositions of the present invention will 
generally comprise an effective amount of the bispecific 
coagulating ligand dissolved or dispersed in a pharmaceu- 
tically acceptable carrier or aqueous medium. 
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The phrases "pharmaceutically or pharmacologically antifungal agents, for example, parabens, chlorobutanol, 
acceptable" refer to molecular entities and compositions that phenol, sorbic acid, thimerosal, and the like. In many cases, 
do not produce an adverse, allergic or other untoward it will be preferable to include isotonic agents, for example, 
reaction when administered to an animal, or a human, as sugars or sodium chloride. Prolonged absorption of the 
appropriate. As used herein, "pharmaceutically acceptable 5 injectable compositions can be brought about by the use in 
carrier" includes any and all solvents, dispersion media, the compositions of agents delaying absorption, for 
coatings, antibacterial and antifungal agents, isotonic and example, aluminum monostearate and gelatin, 
absorption delaying agents and the like. The use of such Sterile injectable solutions are prepared by incorporating 
media and agents for pharmaceutical active substances is the active compounds in the required amount in the appro- 
well known in the art. Except insofar as any conventional lO priate solvent with various of the other ingredients enumer- 
media or agent is incompatible with the active ingredient, its ated above, as required, followed by filtered sterilization, 
use in the therapeutic compositions is contemplated. Supple- Generally, dispersions are prepared by incorporating the 
mentary active ingredients can also be incorporated into the various sterilized active ingredients into a sterile vehicle 
compositions, which contains the basic dispersion medium and the 
1. Parenteral Formulations 15 required other ingredients from iiose enumerated above. In 
The bispecific ligands of the present invention will often the case of sterile powders for the preparation of sterile 
be formulated for parenteral administration, e.g., formulated injectable solutions, the preferred methods of preparation 
for injection via the intravenous, intramuscular, sub- are vacuum-drying and freeze -drying techniques which 
cutaneous or other such routes, including direct instillation yield a powder of the active ingredient plus ny additional 
into a tumor or disease site. The preparation of an aqueous 20 desired ingredient from a previously sterile-filtered solution 
composition that contains a tumor-targeted coagulant agent thereof. 

as an active ingredient will be known to those of skill in the Upon formulation, solutions will be administered in a 

art in light of the present disclosure. Typically, such com- manner compatible with the dosage formulation and in such 

positions can be prepared as injectables, either as liquid amount as is therapeutically effective. Formulations are 

solutions or suspensions; solid forms suitable for using to 25 easily administered in a variety of dosage forms, such as the 

prepare solutions or suspensions upon the addition of a type of injectable solutions described above, but drug 

liquid prior to injection can also be prepared; and the release capsules and the like can also be employed, 

preparations can also be emulsified. Suitable pharmaceutical compositions in accordance with 

Solutions of the active compounds as free base or phar- the invention will generally include an amount of the 

macologically acceptable salts can be prepared in water 30 bispecific ligand admixed with an acceptable pharmaceuti- 

suitably mixed with a surfactant, such as hydroxypropylcel- cal diluent or excipient, such as a sterile aqueous solution, to 

lulose. Dispersions can also be prepared in glycerol, liquid give a range of final concentrations, depending on the 

polyethylene glycols, and mixtures thereof and in oils. intended use. The techniques of preparation are generally 

Under ordinary conditions of storage and use, these prepa- well known in the art as exemplified by Remington's 

rations contain a preservative to prevent the growth of 35 Pharmaceutical Sciences, 16th Ed. Mack Publishing 

microorganisms. Company, 1980, incorporated herein by reference. It should 

The pharmaceutical forms suitable for injectable use be appreciated that endotoxin contamination should be kept 
include sterile aqueous solutions or dispersions; formula- minimally at a safe level, for example, less that 0.5 ng/mg 
tions including sesame oil, peanut oil or aqueous propylene protein. Moreover, for human administration, preparations 
glycol; and sterile powders for the extemporaneous prepa- 40 should meet sterility, pyrogenicity, general safety and purity 
ration of sterile injectable solutions or dispersions. In all standards a s required by FDA OfiSce of Biological Stan- 
cases the form must be sterile and must be fluid to the extent dards, 

that easy syringability exists. It must be stable under the The therapeutically effective doses are readily determin- 
conditions of manufacture and storage and must be pre- able using an animal model, as shown in the studies detailed 
served against the contaminating action of microorganisms, 45 herein (see, e.g., Example III). Experimental animals bear- 
such as bacteria and fungi. ing solid tumors are frequently used to optimize appropriate 
The bispecific ligands or antibodies can be formulated therapeutic doses prior to translating to a clinical environ- 
into a composition in a neutral or salt form. Pharmaceuti- ment. Such models are known to be very reliable in pre- 
cally acceptable salts, include the acid addition salts (formed dieting effective anti-cancer strategies. For example, mice 
with the free amino groups of the protein) and which are 50 bearing solid tumors, such as used in Example III, are widely 
formed with inorganic acids such as, for example, hydro- used in pre-clinical testing. 

chloric or phosphoric acids, or such organic acids as acetic. The inventors have used mice with C1300 (Mo8) tumors 

oxalic, tartaric, mandelic, and the like. Salts formed with the to determine toxicity limits and working ranges of bispecific 

free carboxyl groups can also be derived from inorganic that give optimal anti-tumor effects with minimal toxicity, 

bases such as, for example, sodium, potassium, ammonium, 55 It is currently proposed that effective doses for use in the 

calcium, or ferric hydroxides, and such organic bases as treatment of cancer will be between about 0.1 m g/kg and 

isopropylamine, trimethylamine, histidine, procaine and the about 2 mg/kg, and preferably, of between about 0.8 mg/kg 

like. and about 1,2 mg/kg, when administered via the IV route at 

The carrier can also be a solvent or dispersion medium a frequency of about 1 time per week. Some variation in 

containing, for example, water, ethanol, polyol (for example, 60 dosage will necessarily occur depending on the condition of 

glycerol, propylene glycol, and liquid polyethylene glycol, the subject being treated. The person responsible for admin- 

and the like), suitable mixtures thereof, and vegetable oils. istration will, in any event, determine the appropriate dose 

The proper fluidity can be maintained, for example, by the for the individual subject. Such optimization and adjustment 

use of a coating, such as lecithin, by the maintenance of the is routinely carried out in the art and by no means reflects an 

required particle size in the case of dispersion and by the use 65 undue amount of experimentation. 

of surfactants. The prevention of the action of microorgan- It should be remembered that one aspect of the present 

isms can be brought about by various antibacterial ad invention concerns the delivery of a coagulating agent to a 
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tumor site by administering an uncomplexed bispecific crating liposomal formulations incorporating the present 
binding ligand that gamers an endogenous coagulation fac- coagulants. Phospholipids form liposomes when dispersed 
tor from the circulation and concentrates it within the tumor in water, depending on the molar ratio of lipid to water. The 

site. In these cases, the pharmaceutical compositions physical characteristics of liposomes depend on pH, ionic 

employed will contain a ligand having a targeting and 5 strength and the presence of divalent cations. Liposomes can 

coagulant binding region, but will otherwise generally be the show low permeability to ionic and polar substances, but at 

same as those described above. elevated temperatures undergo a phase transition which 

In addition to the compounds formulated for parenteral markedly alters their permeability. The phase transition 

administration, such as intravenous or intramuscular involves a change from a closely packed, ordered structure, 

injection, other pharmaceutically acceptable forms are also lO known as the gel state, to a loosely packed, less-ordered 

contemplated, e.g., tablets or other solids for oral structure, known as the fluid state. This occurs at a charac- 

administration, time release capsules, hposomal forms and teristic phase-transition temperature and results in an 

the like. Other pharmaceutical formulations may also be increase in permeabihty to ions, sugars and drugs, 

used, dependent on the condition to be treated. For example. In addition to temperatm-e, exposure to proteins can alter 

topical formulations that are appropriate for treating patho- is the permeability of liposomes. Certain soluble proteins such 

logical conditions such as dermatitis and psoriasis; and as cytochrome c bind, deform and penetrate the bilayer, 

ophthalmic formulations for diabetic retinopathy. thereby causing changes in permeability. Cholesterol inhib- 

2. Ingestible Formulations its this penetration of proteins, apparently by packing the 
In certain embodiments, active compounds may be phospholipids more tightly. It is contemplated that the most 

administered orally. This is contemplated for agents that are 20 useful liposome formations for use with the present inven- 

generally resistant, or have been rendered resistant, to pro- tion will contain cholesterol, or even PEG. 

teolysis by digestive enzymes. Such compoxmds are con- The ability to trap solutes varies between different types 

templated to include chemically designed or modified of liposomes. For example, multilamellar vesicles (MLVs) 

agents; dextrorotatory peptidyl agents; liposomal formula- are moderately efficient at trapping solutes, but small unila- 

tions; and formulations in time release capsules to avoid 25 mellar vesicles (SUVs) are inefficient. SUVs offer the 

peptidase and lipase degradation. advantage of homogeneity and reproducibility in size 

For oral administration, the active bispecific compounds distribution, however, and a compromise between size and 

may be administered, for example, with an inert diluent or trapping efficiency is offered by large unilamellar vesicles 

witii an assimilable edible carrier, or they may be enclosed (LUVs). These are prepared by ether evaporation and are 

in hard or soft shell gelatin capsule, or compressed into 30 three to four times more efficient at solute entrapment than 

tablets, or incorporated directly with the food of the diet. For MLVs. 

oral therapeutic administration, the active compounds may In addition to liposome characteristics,, an important 

be incorporated with excipients and used in the form of determinant in entrapping compounds is the physicochemi- 

ingestible tablets, buccal tables, troches, capsules, elixirs, cal properties of the compound itself. Polar compounds are 

suspensions, syrups, wafers, and the like. Such compositions 35 trapped in the aqueous spaces and nonpolar compounds bind 

and preparations should contain at least 0.1% of active to the lipid bilayer of the vesicle. Polar compounds are 

bispecific coagulant. The percentage of the compositions released through permeation or when the bilayer is broken, 

and preparations may, of course, be varied and may conve- but nonpolar compounds remain affiliated with the bilayer 

niently be between about 2 to about 60% of die weight of the unless it is disrupted by temperature or exposure to lipo- 

unit. The amount of active compounds in such therapeuti- 40 proteins. Both types show maximum efflux rates at the phase 

cally useful compositions is such that a suitable dosage will transition temperature. 

be obtained. Liposomes interact with cells via foiu- different mecha- 

The tablets, troches, pills, capsules and the like may also nisms: Endocytosis by phagocytic cells of the reticuloen- 

contain the following: a binder, as gum tragacanth, acacia, dothelial system such as macrophages and neutrophils; 

cornstarch, or gelatin; excipients, such as dicalcium phos- 45 adsorption to the cell surface, either by nonspecific weak 

phate; a disintegrating agent, such as corn starch, potato hydrophobic or electrostatic forces, or by specific interac- 

starch, alginic acid and the like; a lubricant, such as mag- tions with cell-surface components; fusion with the plasma 

nesium stearate; and a sweetening agent, such as sucrose, cell membrane by insertion of the lipid bilayer of the 

lactose or saccharin may be added or a flavoring agent, such liposome into the plasma membrane, with simultaneous 

as peppermint, oil of wintergreen, or cherry flavoring. When 50 release of liposomal contents into the cytoplasm; and by 

the dosage unit form is a capsule, it may contain, in addition transfer of liposomal lipids to cellular or subcellular 

to materials of the above type, a liquid carrier. membranes, or vice versa, without any association of the 

Various other materials may be present as coatings or to liposome contents. It often is difficult to determine which 

otherwise modify the physical form of the dosage unit. For mechanism is operative and more than one may operate at 

instance, tablets, pills, or capsules may be coated with 55 the same time. 

shellac, sugar or both. A syrup of elixir may contain the The fate and disposition of intravenously injected lipo- 

active compounds sucrose as a sweetening agent methyl and somes depend on their physical properties, such as size, 

propylparabens as preservatives, a dye and flavoring, such as fluidity and surface charge. They may persist in tissues for 

cherry or orange flavor. Of coiu-se, any material used in hours or days, depending on their composition, and half 

preparing any dosage unit form shoxdd be pharmaceutically 60 fives in the blood range from minutes to several hours, 

pure and substantially non-toxic in the amounts employed. Larger liposomes, such as MLVs and LUVs, are taken up 

In addition, the active compounds may be incorporated into rapidly by phagocytic cells of the reticuloendothelial 

sustained-release preparation and formulations. system, but physiology of the circulatory system restrains 

3. Liposomal Formulations the exit of such large species at most sites. They can exit 
The bispecific coagulating ligands of the present inven- 65 only in places where large openings or pores exist in the 

tion may also be formulated in liposomal preparations if capillary endothelium, such as the sinusoids of the liver or 

desired. The following information may be utilized in gen- spleen. Thus, these organs are the predominate site of 
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uptake. Oa the other hand, SUVs show a broader tissue sodium and potassium borates, sodium and potassium 

distribution but still are sequestered highly in the liver and carbonate, sodium acetate, sodium biphosphate and the like, 

spleen. In general, this in vivo behavior dictates that lipo- in amounts suflScient to maintain the pH at between about 

somes concentrate only in those organs and tissues acces- pH 6 and pH 8, and preferably, between about pH 7 and pH 

sible to their large size. As this clearly includes the blood, 5 7.5. Suitable tonicity agents are dextran 40, dextran 70, 

this is not a hmitation to their combined use with the present dextrose, glycerin, potassium chloride, propylene glycol, 

invention. sodium chloride, and the like, such that the sodium chloride 

In other embodiments, the bispecific components of the equivalent of the ophthaknic solution is in the range 0.9 plus 

invention may be admixed with the liposome surface to or minus 0.2%. 

direct the drug contents to the specific antigenic receptors lO Suitable antioxidants and stabilizers include sodium 

located on the target cell surface. Carbohydrate determinants bisulfite, sodium metabisulfite, sodium thiosulfite, thiourea 

(glycoprotein or glycolipid cell-surface components that and the like. Suitable wetting and clarifying agents include 

play a role in cell-cell recognition, interaction and adhesion) polysorbate 80, polysorbate 20, poloxamer 282 and tylox- 

may also be used as recognition sites as they have potential apol. Suitable viscosity-increasing agents include dextran 

in directing liposomes to particular cell types. Mostly, it is 15 40, dextran 70, gelatin, glycerin, hydroxyethylcellulose, 

contemplated that intravenous injection of liposomal prepa- hydroxmethylpropylcellulose, lanolin, methylcellulose, 

rations would be used, but other routes of administration are petrolatum, polyethylene glycol, polyvinyl alcohol, 

also conceivable. polyvinylpyrrolidone, carboxymethylcellulose and the like. 

4. Topical Formulations The ophthalmic preparation will be administered topically to 
The formulation of bispecific coagulants for topical use, 20 the eye of the subject in need of treatment by conventional 

such as in creams, ointments and gels is also contemplated. methods, for example in the form of drops or by bathing the 

The preparation of oleaginous or water-soluble ointment eye in the ophthalmic solution, 

bases is also well known to those in the art. For example, 6. Therapeutic Kits 

these compositions may include vegetable oils, animal fats, The present invention also provides therapeutic kits com- 
and more preferably, semisolid hydrocarbons obtained from 25 prising the bispecific coagulating ligands described herein, 
petroleum. Particular components used may include white Such kits will generally contain, in suitable container means, 
ointment, yellow ointment, cetyl esters wax, oleic acid, olive a pharmaceutical^ acceptable formulation of at least one 
oil, paraffin, petrolatum, white petrolatum, spermaceti, bispecific ligand in accordance with the invention. The kits 
starch glycerite, white wax, yellow wax, lanolin, anhydrous may also contain other pharmaceutically acceptable 
lanolin and glyceryl monostearate. 30 formulations, such as those containing additional bispecific 
Various water-soluble ointment bases may also be used, coagulating ligands, generally those having a distinct tar- 
including glycol ethers and derivatives, polyethylene geting component; extra uncomplexed coagulation factors; 
glycols, polyoxyl 40 stearate and polysorbates. Even deliv- bispecific antibodies, T cells, or other functional compo- 
ery through the skin may be employed if desired, e.g., by nents for use in, e.g., antigen induction; components for use 
using transdermal patches, iontophoresis or electrotransport. 35 in antigen suppression, such as a cyclosporin; distinct anti- 

5. Ophthalmic Formulations tumor site antibodies or immuntoxins; and any one or more 
The bispecific coagulating ligands of the present inven- of a range of chemotherapeutic dmgs. 

tion may also be formulated into pharmaceutical composi- Preferred agents for use in combination kits are inducing 

tions suitable for use as ophthalmic solutions. Such oph- agents capable of inducing disease-associated vascular 

thalmic solutions are of interest, for example, in the 40 endothelial cells to express a targetable antigen, such as 

treatment of diabetic retinopathy. Thus, for the treatment of E-selectin or an MHC Class II antigen. Inducing agents can 

diabetic retinopathy a bispecific conjugate of this invention include T cell clones that bind disease or tumor antigens and 

would be administered to the eye of the subject in need of that produce IFN-y. Preferred inducing agents include bispe- 

treatment in the form of an ophthalmic preparation prepared cific antibodies^ that bind to disease or tumor cell antigens 

in accordance with conventional pharmaceutical practice, 45 and to effector cells capable of inducing target antigen 

see for example "Remington's Pharmaceutical Sciences" expression through the elaboration of cytokines. 

15th Edition, pages 1488 to 1501 (Mack Publishing Co., As such, the present invention further includes kits that 

Easton, Pa.). comprise, in suitable container means, a first pharmaceutical 

The ophthalmic preparation will contain a novel bispecific composition comprising a bispecific antibody that binds to 

coagulant or a pharmaceutically acceptable salt thereof in a so an activating antigen on an effector cell surface, i.e., a 

concentration from about 0.01 to about 1% by weight, monocyte/macrophage, mast cell, T cell or NK cell, and to 

preferably from about 0.05 to about 0.5% in a pharmaceu- an antigen on the cell surface of disease cell; and a second 

tically acceptable solution, suspension or ointment. Some pharmaceutical composition comprising a bispecific ligand 

variation in concentration will necessarily occur, depending that comprises a first binding region that binds to an endot- 

on the particular compound employed, the condition of the 55 helial cell antigen induced by an activated effector cell, or 

subject to be treated and the hke, and the person responsible cytokine therefrom, where the first binding region is opera- 

for treatment will determine the most suitable concentration tively linked to a coagulation factor or a second binding 

for the individual subject. The ophthalmic preparation will region that binds to a coagulation factor, 

preferably be in the form of a sterile aqueous solution Kits including a first pharmaceutical composition that 

containing, if desired, additional ingredients, for example 60 comprises a bispecific antibody that binds to the activating 

preservatives, buffers, tonicity agents, antioxidants and antigen CD14, CD16 (FcR for IgE), CD2, CD3, CD28orthe 

stabilizers, nonionic wetting or clarifying agents, viscosity- T-cell receptor antigen are preferred, with CD 14 or CD28 

increasing agents and the like. binding bispecific antibodies being more preferred. Activa- 

Suitable preservatives for use in such a solution include tion of monocyte/macrophages or mast cells via CD 14 or 

benzalkonium chloride, benzethonium chloride, 65 CD16 binding results in IL-1 production that induces 

chlorobutanol, thimerosal and the like. Suitable buffers E-selectin; whereas activation of T cells via CD2, CD3 or 

include boric acid, sodium and potassium bicarbonate, CD28 binding results in IFN-y production that induces MHC 
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class II. Kits that include a second pharmaceutical compo- 2. Human Truncated Ussue Factor (tTF) 

sition that comprises a bispecific ligand that comprises a first Recombinant human truncated TF (tlT) was prepared by 

binding region that binds to E-selectin or to an MHC Class one of two different methods. 

II antigen are therefore also preferred. Method I: Construction of the E. coli Expression Vector. The 

The kits may have a single container means that contains 5 cDNA coding for tTF (residues 1-218) was amplified by 

the bispecific coagulating ligand, with or without any addi- P^R using the primers 5*-GAAGAAGGGATCCTGG 

tional components, or they may have distinct container '^^^^'^^^I^HJ'^!9J?i^^^*^^^9Jt^^ 

means for each desired agent Ki^s comprising the separate ^3^^^^^^^^^^^ ^f^. 'r^^Z^^vn^^ 

components necessary to make a bispecific coagulating TTAACGGAAITCACC^ 

li and are also contem lated lO ^^^^^ allowed the addition of the codmg sequence for a 

* r ii_ 1 J J • thrombin cleavage site upstream of the cDNA. The PGR 

When the components of the kit are provided m one or ^^^^^^ ^^^^ ^^^^^^ B^^j^I j^^^uj 

more hqmd solutions, the hqmd soluUon is an aqueous ^^^^^^ g^^^ jj^^^jj ^^^^^ expression 

solution, with a sterile aqueous solution being particularly ^^^^^ pTrcHisC (Invitrogen). 

preferred. However, the components of the kit may be j)H5a cells were transformed with the ligation mixture 

provided as dnedpowder(s). When reagents or components 15 and recombinant plasmids were isolated after selection in 

are provided as a dry powder, the powder can be reconsti- the presence of ampicillin. The E, coli strain BL21 was 

tuted by the addition of a suitable solvent. It is envisioned transformed with the recombinant plasmid pTrcHisC-tTF 

that the solvent may also be provided in another container and the resultant transformants were used for protein expres- 

means. sion. 

The container means of the kit will generally include at 20 Method I: Expression, Refolding and Purification of tTF 

least one vial, test tube, flask, bottle, syringe or other from E, coli. The poly(his)-tTF fusion protein was expressed 

container means, into which the bispecific coagulating using BL21 cells transformed with pTrc-HisC-tTF. Inocu- 

Ugand, and any other desired agent, may be placed and, lant cultures (10 ml in LB medium) were grown overnight 

preferably, suitably aliquoted. Where additional components shaking at 37** C. 

are included, the kit will also generally contain a second vial 25 Inoculant cultures were added to growth medium which 

or other container into which these are placed, enabling the were then grown shaking at 37° C. When the optical density 

administration of separated designed doses. The kits may at 550 nm had reach ca, 0.5, 10 ml of 100 mM isopropyl- 

also comprise a second/third container means for containing p-D-thiogalactopyranoside was added. Shaking was contin- 

a sterile, pharmaceutically acceptable buffer or other diluent. ued at 37° C. for ca. 20 h (to stationary phase). 

The kits may also contain a means by which to administer 30 The cells were harvested by centrifugation (10,000xg, 20 

the bispecific ligand to an animal or patient, e.g., one or min.) and the inclusion bodies were isolated as follows 

more needles or syringes, or even an eye dropper, pipette, or (quantities of reagents are per gram of cell paste). The cell 

other such like apparatus, from which the formulation may paste was suspended in 4 ml of 10 mM Tris, pH 7,5, 150 mM 

be injected into the animal or appfied to a diseased area of NaCl, 1 mM MgCl^y 0.17 mg/ml PMSF, 2 mg/ml hen egg 

the body. The kits of the present invention will also typically 35 white lysozyme (Sigma). Benzonase (250 units, EM 

include a means for containing the vials, or such like, and Science) was added the suspension was mixed gently at 

other component, in close confinement for commercial sale, room temperature for 1.5 h then centrifuged at 12,000 g for 

such as, e.g., injection or blow-molded plastic containers 15 min. 

into which the desired vials and other apparatus are placed The pellet was resuspended in 10 mM Tris, pH 7,5, 1 mM 

and retained. 40 EDTA, 3% NP40 (2 ml), sonicated for 1 min at 50% power 

The following examples are included to demonstrate and centrifuged at 12,000xg for 20 min. The pellet was 

preferred embodiments of the invention. It should be appre- resuspended in water, sonicated for 20-30 seconds at 50% 

ciated by those of skill in the art that the techniques power and centrifuged at 12,000xg for 20 min. The water 

disclosed in the examples that follow represent techniques wash was repeated and the final pellet, highly enriched for 

discovered by the inventors to function well in the practice 45 the inclusion bodies, was suspended in 6M guanidinium 

of the invention, and thus can be considered to constitute chloride, 0.5M NaCl, 20 mM phosphate, 10 mM 

preferred modes for its practice. However, those of skill in p-mercaptoethanol, pH 8.0 (9 ml per gram of inclusion 

the art should, in light of the present disclosure, appreciate bodies) by gentle mixing at room tempierature overnight, 

that many changes can be made in the specific embodiments The suspension was centrifuged at 12,000xg for 20 min 

that are disclosed and still obtain a like or similar result so and the supernatant was loaded onto a nickel nitriloacetic 

without departing from the spirit and scope of the invention. add (Ni — ^NTA, Qiagen) colimm. The column was washed 

successively with the same 6M guanidinium chloride buffer 

EXAMPLE I at pH 8 then pH 7, then the protein was eluted by decreasing 

SYNTHESIS OF A BISPECIFIC COAGULAHNG „ fLi* , a. _ * a .v,. v 

ANTTRODY — NTA column fractions contaimng the fusion protem 

were combined and dithiothreitol was added to 50 mM. The 

The present example describes the synthesis of a bispe- solution was held at room temperature .overnight then 

cific antibody capable of specifically directing a coagulant to diluted to a protein concentration of ca, 1 mg/ml in 6M urea, 

a tiunor site, i.e., a "coaguligand". 50 mM Tris, 0,02% sodium azide, pH 8.0 and dialyzed at 4** 

A Materials and Methods 60 C, overnight against 10-20 volumes of the same buffer. The 

1. Reagents buffer was changed to 2M urea, 50 mM Tris, 300 mM NaCl, 

Pepsin (A; EC 3.4.23.1), Ellmans reagent (ER; 5,5,'- 2,5 mM reduced glutathione, 0.5 mM oxidized glutathione, 

dithio-bis(2-nitrobenzoic acid, DNTB), 2-mercaptoethanol 0.02% sodium azide, pH 8.0 (folding buffer). Dialysis was 

(2-ME), sodium arsenite (NaAsOj) and rabbit brain throm- continued for 2 more days, the buffer was replaced by fresh 

boplastin (acetone powder) were obtained from Sigma 65 folding buffer and dialysis was continued for 2 more days. 

Chemical Co., St. Louis Mo. Sephadex G-25 and G-lOO The solution was then dialyzed extensively against 20 

were obtained from Pharmacia LKB (Piscataway, N J.). mM TEA (pH 7,5), removed from the dialysis bag, treated 
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with human thrombin (ca, 1 part per 500 parts recombinant 
protein w/w) overnight at room temperature, and loaded 
onto a HR- 10/10 mono-Q anion exchange column. tTF 
protein was eluted using a 20 mM TEA buffer containing 
NACl in a concentration increasing linearly from 0 to 150 
mM over 30 minutes (flow rate 3 ml/min). 
Method II: Preparation of tTF complimentary DNA 
(cDNA). RNA from J-82 cells (human bladder carcinoma) 
was used for the cloning of tTF. Total RNA was isolated 
using the GlassMax™ RNA microisolation reagent (Gibco 
BRL). The RNA was reverse transcribed to cDNA using the 
GeneAmp RNA PGR kit (Perkin Elmer). tTF cDNA was 
amplified using the same kit with the following two primers: 



5' primer: 5' 

GTC ATG CCA TGG CCC TGG TGC CTC GTG CTT 



CTG GCA CTA CAA ATA CT 



3' primer: 5' 

TGA CAA GCr TAT TCT 



cm AAT TCC CCC TTT CT 



(SEQ ID NO:2) 



10 



15 



20 



The underlined sequences codes for the N-terminus and 25 
C-terminus of tTF. The rest of the sequence in the 5' primer 
is the restriction site for Ncol allowing the cloning of tTF 
into the expression vector and codes for a cleavage site for 
thrombin. The sequence in the 3' primer is the Hindlll site 
for cloning tTF into the expression vector. PGR amplifica- 30 
tion was performed as suggested by the manufacturer. 
Briefly, 75 /iM dNTP; 0.6 primer, 1.5 mM MgGl^ were 
used and 30 cycles of 30" at 95** C., 30" at 55** C. and 30" 
at 72** C. were performed. 

Method II. Vector Constructs. E. coli expression vector 35 
pQE-60 was used for expressing tTF (Lee et. aL, 1994). The 
PGR amplified tTF cDNA was inserted between the Ncol 
and Hindlll site. Hg pQE-60 has a built-in (His)^ encoding 
sequence such that the expressed protein has the sequence of 
(His)g at the N-terminus, which can be purified on the 40 
Ni — ^NTA column. 

Method 11. tTF Purification. tTF containing pQE-60 
DNA was transformed to E. coli TG-1 cells. The cells were 
grown to ODeoo =0-5 and IPTG was added to 30 to 
induce the tTF production. The cells were harvested after 45 
shaking for 18 h at 30° G. The cell peUet was denatured in 
6M Gu-HGl and the lysate was loaded onto a Ni — NTA 
column (Qiagen). The bound tTF was washed with 6M urea 
and tTF was refolded with a gradient of 6M-1M urea at 
room temperature for 16 h. The column was washed with 50 
wash buffer (0.05 Na PO4, 0.3M NaGl, 10% glycerol) 
and tTF was eluted with 0.2M Imidozole in wash buffer. 

The eluted tTF was concentrated and loaded onto a G-75 
column. tTF monomers were coUected and treated with 
thrombin to remove the peptide. This was done by adding 55 
1 part of thrombin (Sigma) to 500 parts of tTF (w/w), and 
the cleavage was carried out at room temperature for 18 h. 
Thrombin was removed from tTF by passage of the mixture 
through a Benzamidine Sepharose 6B thrombin affinity 
column (Pharmacia). 60 

The tTF had identical ability to recombinant tTF from 
yeast or Ghinese hamster ovary cells to bind factor Vila and 
to enhance the catalytic activity of Vila (Ruf et al, 1991). 
When analyzed by polyacrylamide gel electrophoresis in 
sodium dodecyl sulfate, it ran as a single component having 65 
a molecular weight of approximately 24 kD. 
3. Monoclonal Antibodies 



B21-2 (TIB-229) hybridoma and SFR8-B6 hybridoma 
(HB-152, hereafter referred to as SFR8) were obtained from 
the PilCC. Both hybridomas secreted rat IgG2b antibodies, 
which were purified from culture supernatant by protein G 
aflanity chromatography. The B21-2 antibody reacts with 

1- A"^ antigen expressed on A20 cells as well as on the 
vasculature of the G1300 (Muy) transfectant tumors grown 
in BALB/c/nu/nu mice. SFR8 antibody is directed against 
the HLA-Bw6 epitope and serves as an isotype matched 
negative control for the B21-2 antibody. 

TF9/10H10 (referred to as lOHlO), a mouse IgGl, is 
reactive with human TF without interference of TF/factor 
Vila activity and was produced as described by Morrissey et 
al. (1988). 

The cell line MRC 0X7 (referred to as 0X7) was 
obtained from Dr. A. F. WiUiams (MRG Geflular Immunol- 
ogy Unit, University of Oxford, Oxford, England). It 
secretes the OX7 antibody, a mouse IgGl antibody that 
recognizes the Thy 1.1 antigen on T lymphocytes. It was 
used as an isotype matched negative control for TF9/10H10. 

All antibodies were purified from culture supernatant by 
protein G affinity chromatography. 
4. Synthesis of Bispecific Antibodies 

F(ab')2 fragments were obtained by digesting their respec- 
tive IgGs with 2% (w/v) pepsin for 5-9 hrs at 37° G, and 
purification of the fragments by Sephadex GlOO chroma- 
tography. Synthesis of the bispecific antibodies B21-2/ 
lOHlO, SFR8/10H10 and B21-2/OX7 was carried out 
according to the method of Brennan et al. (1985) with minor 
modifications. 

The bispecific antibodies B21-2/10H10, SFR8/10H10, 
OX7/10H10 and B21-2/OX7 were synthesized according to 
the method of Brennan et al. (198^ with minor modifica- 
tions. In brief, F(ab')2 fragments were obtained from the IgG 
antibodies by digestion with pepsin and were purified to 
homogeneity by chromatography Sephadex GlOO. F(ab')2 
fragments were reduced for 16 h at 20° C. with 5 mM 

2- mercaptoethanol in 0.1 M sodium phosphate buffer, pH 
6.8, containing 1 mM EDTA (PBSE buffer) and 9 mM 
NaAsOj. Ellman's reagent (ER) was added to give a final 
concentration of 25 mM and, after 3 h at 20** C., the 
EUman's-derivatized Fab' fragments (Fab'-ER) were sepa- 
rated from unreacted ER on columns of Sephadex G25 in 
PBSE. 

To form the bispecific antibody, Fab'-ER derived from one 
antibody was concentrated to approximately 2.5 mg/ml in an 
ultrafiltration cell and was reduced with 10 mM 
2-mercaptoethanol for 1 h at 20** C. The resulting Fab'-SH 
was filtered through a column of Sephadex G25 in PBSE and 
was mixed with equal molar quantities of Fab*-ER prepared 
from the second antibody. The mixtures were concentrated 
by ultrafiltration to approximately 3 mg/ml and were stirred 
for 16 h at 20** G. The products of the reaction were 
fractionated on columns of Sephadex GlOO and the fractions 
containing the bispecific antibody (110 kDa) were concen- 
trated to 1 mg/ml, and were stored at 4* C. in 0.02% sodium 
azide. 
B. Results 

1. Analysis of Bispecific Antibodies 

Hie molecular weight of the F(ab')2 fragments and bispe- 
cific preparations were determined by SDS-Page electro- 
phoresis with 4-15% gradient gels using the Pharmacia 
LKB-Phastsystem (Pharmacia LKB, Piscataway, NJ.). 
Bispecificity as well as the percentage of heterodimer vs 
homodimer was determined by FAGS analysis (Example II). 

Analysis of the bispecific antibodies by SDS-Page elec- 
trophoresis (and by FAGS, Example II) demonstrated that 
the B21-2/10H10 bispecific contained less than 4% 
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homodimer of either origin and <10% fragments with a associated fluorescence was measured on a FACScan 

molecular weight of 140 kD or 55 kD. Approximately 10% (Becton Dickenson, Fullerton, Calif,)- Data were analyzed 

of the preparation consisted of 140 kD fragments, probably using the Lysis II program. When FTTC-anti-rat immuno- 

being a F(ab')2 construct with an extra light chain (of either globulin was used as the secondary antibody, normal mouse 

origin) attached. 5 senmi (10% vA^) was added to block non-specific cross 

reactivity with the mouse cells. 

EXAMPLE 11 3^ Radiolabeling of Proteins 

r-r^ A r-T IT at-txto a xT-rroi^T^v t»tktt>itkt/- aktt-^ Proteins werc labeled with ^^lodine according to the 

COAGULATING ANTIBODY BINDING AND ,1 * ^ * 1 j u ^ u »jf p \irir 

FUNCTION IN VITRO chloramme T protocol descnbed by Mason & WiUiams 

10 (1980), (protocol 2). The iodinated product was purified on 

The present example shows the bispecificity of the coagu- G25 and stored at -70° C, in the presence of 5% DMSO and 

lating antibody (coaguligand) and demonstrates that specific 5 mg/ml bovine IgG in the case of the monoclonal fragments 

binding, cellular delivery and coagulation is achieved in and 5% DMSO and 5 mg/ml BSAin the case of tTF. Specific 

vitro using the coaguligand. activity ranged between 2.5 fiCi/ftg and 4.8 //Ci///g, 

A, Materials and Methods 15 4. Binding studies 

1. Cells Human tTF was labelled with 1251 to a specific activity of 
The A20 cell line, which is an I-A'' positive BALB/c 2.5-4.8 ^Cijfxg using the chloramine T procedure (Protocol 

B-cell lymphoma, was purchased from the American Type 2) described by Mason and Williams (1980). A suspension 

Culture Collection (ATCC; Rockville, Md.; TIB-208). A20 of A20 cells at 2x10* cells/ml in PBS containing 2 mg/ml 

cells were grown in DMEM supplemented with 10% (v/v) 20 BSA and 0,02% sodiimi azide was distributed in 50 pS. 

fetal calf serum (FCS), 0.2 mM L-glutamine, 200 imits/ml volumes into the wells of 96 well round-bottomed micro titer 

peniciUin and 100 //g/ml streptomycin, 18 mM Hepes, 0.1 plates. To the wells were added 25 //I of bispecific antibodies 

mM non-essential amino acids mix and 1 mM sodium prepared over a range of concentrations (8 to 0.02 ^ag/ml) in 

pyruvate (medium hereafter referred to as complete DMEM; the same buffer, 

all reagents obtained from Life Technologies, Gaitherburg, 25 25 fi\ of ^^I-tTF at 8 ^wg/ml in the same buffer were added 

Md.). 2-ME is added to complete DMEM to a final concen- to each well, giving a molar excess of tTF. The, plates were 

tration of 0,064 mM for A20 cells. Cultures were maintained shaken and incubated for 1 hr at 4** C. The cells were then 

at 37'' C. in a humidified atmosphere of 90% air/10% CO^. washed 3x in the plates with 0.9% (w/v) NaCl containing 2 

J82, a human gall bladder carcinoma expressing TF, was mg/ml BSA. The contents of the wells were pipetted over a 

obtained from the ATCC (HTB-1). The cells grew adher- 30 10:11 (v/v) mixture of dibutyl phthalate and bis(2- 

ently in complete DMEM. ethylhexyl)phthalate oils in microcentrifuge tubes. The 

The CI 300 neuroblastoma cell line was established from tubes were centrifuged for 1.5 min at 7500 g and were snap 

a spontaneous timior, which arose in an A/Jax mouse frozen in Uquid nitrogen. The tips containing the cells were 

(Dunham & Stewart, 1953). The C1300 (Muy) 12 line, cut off. The radioactivity in the cell pellet and in the 

hereafter referred to as C1300 (Muy) was derived by trans- 35 supernatant was measured in a gamma counter, 

fection of C1300 neuroblastoma cells with the murine 5. Coagulation Assay 

IFN-y gene using the IFN-y expression retrovirus pSVX An identical microplate to that used for the binding assay 

(Muy AAs) (Watanabe et al., 1989). The IFN-y expression above was set up on the same occasion, except that non- 

retrovirus was obtained from Dr. Y. Watanabe (Department labelled tTF was added instead of ^^I-tTF. After the 1 h 

of Molecular Microbiology, Kyoto University, Japan). 40 incubation at 4® C, the cells were washed 3x as before and 

C1300(Muy)12 cells were maintained in Dulbecco's were resxispended in 75^1 of 0.9% NaCl containing 2 mg/ml 

modified Eagle Medium (DMEM) supplemented with 10% BSA and 12.5 mM CaCl2. The contents of the wells were 

(v/v) fetal calf serum (FCS), 2,4 mM L-glutamine, 200 transferred to 5 ml clear plastic tubes and were warmed to 

units/ml penicillin, 100 ^g/ml streptomycin, 100 //M non- 37" C. To each tube was added 30 jwl of citrated mouse 

essential amino acids, 1 f4M sodium pyruvate, 18 /^M 45 plasma at 37** C. The time for the first fibrin strands to form 

HEPES and 1 mg/ml G418 (Geneticin; Sigma). Cultures was recorded, 

were maintained at 37° C. in a humidified atmosphere of B. Results 

90% air/10% COj. 1. Antibody Bispecificity 

The Thy 1.1-expressing AKR-A mouse T lymphoma cell For SFR8/10H10 bispecificity was shown by FACS using 

line was obtained from Prof. Dr. I. MacLennan (Department 50 J82 cells (TF positive) as target cells and FITC-anti-mouse 

of Experimental Pathology, Birmingham University, immunoglobulin to demonstrate lOHlO presence. FTTC- 

Birmingham, England) and were grown in complete anti-rat immunoglobulin was used to demonstrate the pres- 

DMEM, ence of SFR8. The mean fluorescence intensity-versus- 

2. Indirect immunofluorescence concentration curves were coincident for both stains, 
A20 cells were reisuspended in PBS/0.2% BSA/O.02% 55 demonstrating that both the mouse and the rat arm are 

Na-azide (hereafter referred to as FACS buffer) at 4x10^ present in the bispecific preparation, 

cells/ml. J82 cells were released from the flask under mild 2. Antibody Binding 

conditions using PBS/EDTA(0.2% w/v) and resuspended at Binding studies with ^^^lodine labeled B21-2 Fab' and 

4x10* cells/ml in FACS buffer. 50 fil of cell suspension was SFR8 Fab' showed that the concentration at which saturation 

added to 50 fA of optimal serial dilutions of the primary 60 of binding of B21-2 Fab' to A20 cells is reached is 21.5 nM. 

antibody in wells of a round-bottomed 96 well plate. After The SFR8 Fab' bound non-specifically to A20 cells, with the 

incubation at RT for 15 min, the cells were washed with number of molecules bound per cell being less than 50,000 

FACS buffer 3 times. After removing the final supernatant, at 21.5 nM versus 530,000 for B21-2 Fab'. 

50 fA of the secondary antibody conjugated to fluorescein 3. Coagulant Delivery and Tethering 

isothiocyanate (FITC), in a 1 in 20 dilution in FACS buffer, 65 To study the capability of bridging tTF to A20 cefls 

was added to the cells. The cells were incubated for a further through the B21-2/10H10 bispecific antibody as compared 

15 min at RT and washed 3 times with FACS buffer. Cell to the control bispecific antibodies, A20 cells were incubated 
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with bispedfic antibody and a ^^^I-tTF concentration range 
as indicated. Saturation was attained at concentrations of 
bispecific antibody of 10 nM (1 //g/ml) or more, when an 
average of 310,000 molecules of tTF were bound to each 
A20 cell. The binding was specific since no tTF binding was 
mediated by either of the isotype-matched control bispecific 
antibodies, SFR8/10H10 or B21-2/OX7, which had only one 
of the two specificities needed for tethering tTF (FIG. 1). 
4. Coagulation 

To investigate whether tTF bound to A20 cells through a 
bispecific antibody was able to induce coagulation, the 
inventors first incubated A20 cells with 21.5 nM bispecific 
antibody and 69 nM tTF. The resulting effect on the coagu- 
lation time is shown in Table VII. These first studies showed 
that A20 cells coated with a complex of B21-2/10H10 and 
tTF were capable of inducing fibrin formation: it shortened 
coagulation time from 140 sec (the time for mouse plasma 
in CaClj to coagulate in the absence of added antibodies or 
TF under the specific conditions used) to 60 sec. In contrast, 
the control bispecific antibodies did not induce activation of 
coagulation: in these cases coagulation time was 140 sec. 

Later studies confirmed and extended the initial results. 
Mouse plasma added to A20 cells to which tTF had been 
tethered with B21-2/10H10 coagulated rapidly. Fibrin 
strands were visible 36 seconds after adding the plasma as 
compared with 164 seconds in plasma added to untreated 
A20 cells (Table VII). Only when tTF had been tethered to 
the cells was coagulation induced: no effect on coagulation 
time was seen with cells incubated with of tTF alone, 
homodimeric F(ab%, Fab' fragments or bispecific antibodies 
having only one of the two specificities needed for tethering 
tTF. 

A linear relationship existed between the logarithm of the 
average number of tTF molecules tethered to each A20 cell 
and the rapidity with which those cells induced coagulation 
of mouse plasma (FIG. 2). Cells bearing 300,000 molecules 
of tTF per cell induced coagulation in 40 sees but even with 
20,000 molecules per cell coagulation was significantly 
faster (140 sees) than it was with untreated cells (190 sees). 

TABLE VII 



Coagulation of mouse plasma induced by tethering 
tTF to A20 cells with bispecific antibody. 



Reagents added^ Coagulation time^ (sec) 



None 


164 ± 4 


B21-2/10H10 + ITF 


36 ± 2 


B21-2/10H10 


163*2 


tTF 


163*3 


B21-2/OX7 + fTF 


165 ±4 


SFR8/10H10 + tTF 


154 ±5 


lOHlO F{ab% + tTF 


160 ±3 


lOHlO Fab' + (TF 


162 ±2 


B21-2 F(ab')2 + tTF 


168 ±4 


B21-2 Fab' + tTF 


165 1:4 



'Bispecific antibodies F(ab')2 and Fab' fragments (0.33 /ig/10^ cellsAOO /d) 
and tTF (0.17 figfltf cellsAOO were incubated with A20 cells for 1 h at 
4** C. in 0.2% w/v sodium azi(k. The cells were washed, wanned to 37° C, 
calcium and plasma were added and the time for the first fibrin strands to form 
was recorded. 

^Arithmetic mean of trq)Iicate determinations ± standard deviation 

EXAMPLE III 

SPECinC TUMOR VASCULATURE SPECIFIC 
COAGULATION IN VIVO 

The present example describes the specific coagulation of 
tumor vasculature in vivo that results following the admin- 
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istration of the bispecific antibody coaguligand as a delivery 
vehicle for human tissue factor. 
A. Materials and Methods 

1. Reagents 

5 Mouse blood was obtained by heartpuncture and collected 
in 1/10 volume of 3.8% buffered citrate. The blood was 
centrifuged for 10 min at 3000 g and the plasma snap frozen 
in small aliquots and stored at -70° C. 

2. Animals 

10 BALB/c nu/nu mice were obtained from Simonsen 
(Gilroy, Calif.) and maintained under SPF conditions. 

3. C1300 (Muy) Mouse Model and Treatment 

The tumor model was as previously described (Burrows et 
al, 1992; Burrows & Thorpe, 1993) with three refinements. 

15 First, a different antibody, B21-2, was used. This antibody 
recognizes I-A'' but not I-E*^, unlike the previously used 
M5/114 antibody which recognizes both molecules. The 
B21-2 antibody has an approximately 10-fold better aflSnity 
than M5/114. Second, a subline of the previously used 

20 C1300(Muy)12 line was used which grew continuously in 
BALB/c nu/nu mice. The C1300(Muy) 12 cells used previ- 
ously had to be mixed with imtransfected C1300 cells in 
order to form continuously growing tumors. The new 
subline, designated C1300(Muy) tlP3, will be referred to 

25 hereafter as C1300(Muy). Third, it was unnecessary to add 
tetracycline to the mice's drinking water to prevent gut 
bacteria from inducing I-A'' on the gastrointestinal epithe- 
lium. Unlike immunotoxins, coaguligands do not damage 
I-A^'-expressing intestinal epithelium. 

30 For establishment of solid tumors, 1.5x10"^ C1300 (Muy) 
cells were injected subcutaneously into the right anterior 
flank of BALB/c nu/nu mice. When the tumors had grown 
to 0.8 cm in diameter, mice were randomly assigned to 
different treatment groups each containing 7-8 mice. 

35 Coaguligands were prepared by mixing bispecific anti- 
bodies (140 /ig) and tTF (110 jUg) in a total volume of 2,5 ml 
of 0.9% NaCl and leaving them at 4** C. for one hour. Mice 
then received intravenous injections of 0.25 ml of this 
mixture (i.e. 14 //g of bispecific antibody plus 11 /ig of tTF). 

40 Other mice received 14 /zg of bispecific antibodies or 11 jUg 
of tTF alone. The injections were performed slowly into one 
of the tail veins over approximately 45 sec and were 
followed with a second injection of 200 //I of saline into the 
same vein. This injection procedure was adopted to prevent 

45 thrombosis of the tail vein which was seen if mice were 
rapidly injected (1-2 sec). Seven days later, the treatments 
were repeated. 

Perpendicular tumor diameters were meastired at regular 
intervals and tumor volumes were estimated according to the 

50 following equation: 

volume«smallcr diameter^x larger diameterx3i/6 

Differences in tumor volume were tested for statistical 
55 significance using the Mann-Whitney-Wilcoxon nonpara- 
metric test for two independent samples (Gibbons, 1976). 

For histopathological analyses, animals were anesthetized 
with metophane at various times after treatment and were 
exsanguinated by perfusion with heparinized saline. 500 lU 
60 of heparin were i.v. injected, the animal anesthetized with 
metofane and the systemic circidation perfused with PBS at 
a flow rate of 0.6 mls/min until the liver had been cleared of 
blood. The tumor and normal tissues were excised and 
formalin fixed (4% v/v). Paraffin sections of the tissues were 
65 cut and stained with the standard Martins Scarlet Blue 
(MSB) trichrome technique for detection of fibrin, and with 
hematoxylin and eosin stain for cell morphology. 
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B. Results 

1. Improved Tumor Model 

To improve the C1300 (Muy) tumor model as described 
before (Burrows et al., 1992), the inventors subcloned the 
C1300 (Muy) cell line into a cell line that can grow without 5 
being mixed with its parental cell, C1300, but still express 
the I- A'' MHC Class II antigen on the endothelial cells of the 
tumor. The inventojs used an anti-I-A'' antibody (B21-2) that 
has a 5-10 fold higher aflSnity for its antigen than the initial 
anti-I-A'' antibody (M5/114.15.2) used in this model as 10 
determined by FACS, In vivo distribution studies with this 
new anti-I-A'' antibody showed the same tissue distribution 
pattern as did M5/114.15.2. Intense staining with B21-2 was 
seen in tumor vascular endothelium, light to moderate 
staining in Kuppfer cells in the liver, the marginal zones in 15 
the spleen and some areas in the small and large intestines. 
Vessels in other normal tissues were unstained. 

2, Determination of Suitable In Vivo Doses 

The maximum tolerated dose was 16 ^g B21-2/10H10 
plus 11 /ig tTF injected intravenously into the tail vein of 20 
mice. At this dose, mice lost no weight and had normal 
appearance and activity levels. At a higher dose of 20 //g 
B21-2/10H10 plus 16 fig tTF, two of ten mice developed 
localized dermal hemorrhages which eventually resolved. 
The lower dose was adopted for in vivo studies. Truncated 25 
TF itself was not toxic at 50 fig, given intravenously. 

3, Specific Coagulation and Infarction in Tiunor Vasculature 
Intravenous administration of a coaguUgand composed of 

B21-2/10H10 (20 jUg) and tTF (16 /ig) to mice bearing solid 
CI 300 (Muy) tumors caused tumors to assume a blackened, 30 
bruised appearance within 30 minutes. A histological study 
of the time course of events within the tumor revealed that 
30 minutes after injection of coaguligand all vessels in all 
regions of the tumor were thrombosed (FIG. 3B). Vessels 
contained platelet aggregates, packed red cells and fibrin. At 35 
this time, tumor-cells were healthy, being indistinguishable 
morphologically from tumor cells in untreated mice (FIG. 
3A). 

By 4 hours, signs of tumor cell distress were evident. The 
majority of tumor cells had begun to separate firom one 40 
another and had developed pyknotic nuclei (FIG, 3C). 
Erythrocytes were commonly observed in the tumor inter- 
stitium. By 24 hours, advanced tumor necrosis was visible 
throughout the tumor (FIG. 3D). By 72 hours, the entire 
central region of the tumor had compacted into morphologi- 45 
cally indistinct debris. 

In one of three of the tumors examined, a viable rim of 
tumor cells 5-10 cell layers thick was visible on the outskirts 
of the tumor where it was infiltrating into surrounding 
normal tissues. Immunohistochemical examination of serial 50 
sections of the same tumor revealed that the vessels in the 
regions of tumor infiltration lacked class II antigens. 

Tumors from control mice which had received B21-2/ 
lOHlO bispecific antibody (20 ^g) alone 30 minutes or 24 
hours earlier showed no signs of infarction. 'Rimors from 55 
mice which received tTF (16 f4J^, alone or in combination 
with B21-2/OX7 or SFR8/10H10, showed no signs of inf- 
arction 30 min after injection but 24 hours after injection, 
occasional vessels (about 20% of vessels overall) in the 
tumor were infarcted. These appeared to be most prevalent 60 
in the core of the tumor. 

No Uironibi or morphological abnormalities were visible 
in paraffin sections of liver, kidney, lung, intestine, heart, 
brain, adrenals, pancreas and spleen taken from tumor- 
bearing mice 30 minutes, 4 hours and 24 hours after admin- 65 
istration of coaguligand or tTF. 

4. T\imor Regressions of Solid 'Himors 
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FIG. 4 shows the results of a representative anti-tumor 
study in which a coaguligand composed of B21-2/10H10 
and tTF was administered to mice with 0.8 cm diameter 
tumors. The tumors regressed to approximately half their 
pre treatment size. Repeating the treatment on the 7th day 
caused the tumors to regress further, usually completely. In 
5/7. animals, complete regressions were obtained. Two of the 
mice subsequently relapsed four and six months later. These 
anti-tumor effects are statistically highly significant 
(P<0.001) when compared with all other groups. 

Tumors in mice treated with tTF alone or with tTF mixed 
with the isotype-matched control bispecific antibodies, 
SFR8/10H10 or B21.2/OX7, grew more slowly than those 
in groups receiving antibodies or diluent alone. These dif- 
ferences were statistically significant (P<0.05) on days 
12-14. Thus, part of the anti-tumor effects seen with the 
B21-2/10H10 coaguligand are attributable to a slight non- 
specific action of tTF itself. 

At the end of the study, two mice which had been treated 
with diluent alone and which had very large tumors of 2,0 
cm^ and 2.7 cm^ (i.e. 10-15% of their body weight) were 
given coaguligand therapy. Both had complete remissions 
although their tumors later regrew at the original site of 
tumor growth. 
C. Discussion 

The present studies show that soluble human tTF, pos- 
sessing practically no ability to induce coagulation, became 
a powerfiil thrombogen for txmior vasculature when targeted 
by means of a bispecific antibody to tumor endothelial cells. 
In vitro coagulation studies showed that the restoration of 
thrombotic activity of tTF is mediated through its cross- 
linking to antigens on the cell surface. 

tTF binds factors VII and Vila with high afl&nity and 
enhances the catalytic activity of Vila but does not induce 
coagulation of plasma because the tTF: Vila complex has to 
be associated with a membrane surface for efficient activa- 
tion of factors IX and X (Ruf et al., 1991; Krishnaswamy et 
al, 1992). Tethering of tTF: Vila to the cell surface by means 
of a bispecific antibody restores its ability to induce coagu- 
lation by bringing the tTF: Vila into close proximity to the 
membrane: the membrane phospholipid provides the surface 
on which the coagulation-initiation complexes with factors 
IX or X can assemble and efficiently produce intermediates 
in the clotting process. 

Administration of a coaguligand directed against class II 
to mice having tumors with class Il-expressing vasculature 
caused rapid thrombosis of blood vessels throughout the 
tumor. This was followed by infarction of the tumor and 
complete tumor regressions in a majority of animals. In 
those animals where complete regressions were not 
obtained, the tumors grew back from a surviving rim of 
tumor ceUs on the periphery of the tumor where it had 
infiltrated into the surrounding normal tissues. The vessels at 
the growing edge of the tumor lacked class II antigens, thus 
explaining the lack of thrombosis of these vessels by the 
coaguligand. It is likely that these surviving cells would 
have been killed by coadministering a drug acting on the 
tumor cells themselves, as was found previously (Burrows 
& Thorpe, 1993). 

The anti-tumor effects of the coaguligand were similar in 
magnitude to those obtained in the same tumor model with 
an immunotoxin composed of anti-class II antibody and 
deglycosylated ricin A-chain (Burrows & Thorpe, 1993). 
One difference between the two agents is their rapidity of 
action. The coaguligand induced thrombosis of tumor ves- 
sels in less than 30 minutes whereas the immunotoxin took 
6 hours to achieve the same effect. The immunotoxin acts 
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more slowly because thrombosis is secondary to endothelial 
cell damage caused by the shutting down of protein synthe- 



cgo 5' primer; 5' 

: . J ' * j-ff u . *!. • GTC ATG CCA TGG CCT CAG GCA CTA CAA 

A second and maportant diiierence between the immuno- 

toxin and the coaguligand is that they have different toxic 5 (SEQ id N0:1) 
side effects. The immunotoxin caused a lethal destruction of , ^ 

class Il-expressing gastrointestinal epithehum unless anti- toa^'S^ ^ ^AT Tcr ctg aat tcc ccc tit or 



biotics were given to suppress class II induction by intestinal 

bacteria. The coaguligand caused no gastrointestinal (SEQ ID NO:2) 

damage, as expected because of the absence of clotting lO 

factors outside of the blood, but caused coagulopathies in underlined sequences codes for the N-terminus of 

occasional mice when administered at high dosage. ^ The rest of the sequence in the 5' primer is the restriction 

The findmgs described m this report demonstrate the site for Ncol aUowing the cloning of tTF into the expression 

therapeutic potential of targeting human coagulation- ^^t^r. The sequence in the 3' primer is the Hindlll site for 

mducmg protems to tumor vasculature. For chnical is cloning tTF into the expression vector. PGR amplification 

application, antibodies or other ligands are needed that bind performed as suggested by the manufacturer. Briefly, 75 

to molecules that are present on the surface of vascular JNTP; 0.6^ primer, 1.5 mM MgCl^ were used and 30 

endotheUal cells m soUd tumors but absent from endothelial cycles of 30" at 95** C, 30" at 55** C. and 30" at 72** C. were 

cells in normal tissues. Tumor endothelial markers could be performed 

induced direcdy by tumorKierived angiogenesis factors 20 ^ expression vector H, pQE-60 was used for 

""^^^'x cytokines (Burrows et al 1991; Ruco et expressing tTF (Lee et al., 1994). The PGR amplified tTF 

aL. 1990), or could relate to the rapid prohferation cDNA was inserted between the Ncol and Hind3 site. H, 

(Denekamp & Hobson, 1982) and migration (Folkman, pQE-60 has a built-in (His)^ encodine sequence such that 

1985) of endothehal cells during neovasculanzaUon. expressed protein has the sequence of (His), at the N 

Several candidate anUbodies have been descnbed. The 25 terminus, which can be purified on a Ni—NTA column, 

antibody TEC-11, agamst endoglm .s a parUcular example ^ containing H6 pQE-60 DNA was 

that binds selectively to human tumor endothehal cells. . r j * 77 ^-i-. 1 n t-u n 

i^*u J- • 1 J • * J • 1- /Ti .X* transformed Xo E. coh TG-1 cells. The cells were grown to 

Other antibodies include FB5, agamst endosialin (Rettig r\T\ n c j ir^r^ j * m xm * • j *u ♦t-d 

* 1 inno\ cn • * 1 % i i i i \m OD6oo*=0.5 and IPTG was added to 30 /iM to mducc the tTF 
et al, 1992), E-9, agamst an endoglin-like molecule (Wang ^ ™ „ , * j ^ ui- c ^ou 

* 1 ^nn-^x V»^i * * /:u ■ c production. The cclls Were harvestcd after shaking for 18 h 
et al., 1993) BC-1 against a fibronectin isoform 30 30» C. TTie cell peUet was denatured in 6M Gu-HCl and 
(CarnemoUa et al 1989) and TP- 1 and TP-3 against an ^^^^ ^ ^^^^^ ^ ^ 
osteosarcoma-rela ed antigen Bruland et al 1988). CD34 ^^^^^ ^^^^^ ^.^ ^nd\T?\L 
has been reported to be upregulated on migrating endo te ^^^^^^^ ^ ^^^^^ ^^^^ ^^^^ 

cells and on the abluminal processes of budding wpiUanes ^ ^j^^ ^^^^ ^^^^^ 

m tumors and fetal tissues (Schlingemann et al., 1990). The 35 /nnc kt u n/^ ni**NT ^ ^nof \ i\ ^ *tt7 

c 1 J X. 1* 1 11 ^i,c \ f^^mr^j^ (<^-05 Na Ho PO4, 0.3M Nacl, 10% glycerol) and tTF was 

receptors for vascular endothelial cell growth factor (VEGF) with 0.2M Imidozole in wash buffer. The eluted tlT 

become upregulated m tumor blood vessels (P ate et al., concentrated and loaded onto a G-75 column. tTF 

1993; Brown et al., 1993) probably in response to hypoxia „ ^ , 

/Tu- * 1 ionc\ i 1 *• 1 * * x/T^^n- monomers were collected. 

(Tnieme et aL, 1995), and selectively concentrate VEGF in r tt7 

tumor vessels (Dvorak et al., 1991). 40 ^'^^^ 

The induction of tumor infarction by targeting Gly[tTF]. The GlytTF complimentary DNA (cDNA) was 

coagulation-inducing proteins to these and other tumor prepared the same way as descnbed m the previous section 

endotheHal cell markers is proposed as a valuable new ^^^^P^ P™^^ was/eplaced by the foUowmg pruner m 

approach to the treatment of solid tumors. The coupling of r^^K. 

human (or humanized) antibodies to human coagulation 45 

proteins to produce wholly human coaguligands is particu- ^! primer 5^ 
larly contemplated, thus permitting repeated courses of 

treatment to be given to combat both the primary tumor and gtc atg cca tgg ccc tgg tgc crc gtg c tt ctg 

its metastases. gca cta caa ata ct ( seq id no:3) 



EXAMPLE IV 



50 



The underlined sequence codes for the N-terminus of tTF. 

SYNTHESIS OF TRUNCATED TISSUE FACTOR The remaining sequence encodes a restriction site for Ncol 

(tTF) CONSTRUCTS and a cleavage site for thrombin. 

tTF is herein designated as the extracellular domain of the 55 The pQE60 expression vector and the procedure for 

mature tissue factor protein (amino acid 1-219 of the mature protein purification is identical to that described above 

protein; SEQ ID NO:23). SEQ ID NO:23 is encoded by, e.g., except that the final protein product was treated with throm- 

SEQ ID NO :22. bin to remove the peptide. This was done by adding 1 

A. H6[tTF] P^t of thrombin (Sigma) to 500 parts of tTF (w/w), and the 

Hg Ala Met Ala[tTF]. The tTF complimentary DNA 60 cleavage was carried out at room temperature for 18 h. 

(cDNA) was prepared as follows: RNA from J-82 cells Thrombin was removed from tTF by passage of the mixture 

(human bladder carcinoma) was used for the cloning of tTF. through a Benzamidine Sepharose 6B thrombin affinity 

Total RNA was isolated using the GlassMax'^" RNA column (Pharmacia), 

microisolation reagent (Gibco BRL). The RNA was reverse C. Cysteine-modified tTFS 

transcribed to cDNA using the GeneAmp RNA PGR kit 65 tTF constructs were modified with an N or C-terminal 

(Perkin Elmer). tTF cDNA was amplified using the same kit cysteine to allow for easier conjugation to derivatized anti- 

with the following two primers: body through a disulfide bond. 
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He C [tTF]. (His)6 Ala Met Ala Cys-[tTF]. The DNA was 
made as described in the previous section except that the 5' 
primer was replaced by the following primer in the PGR. 



5' primer: 5' 

GTC ATG CCA TGG C CT GCT CAG GCA CTA CAA ATA 
CTG TG (SEQ ID NO:4) 



All of the procedures were the same as described above, 
except the N-terminal cys was protected with an exchange- 
able oxidizing/reducing reagent. 

C[tTF]. Gly Ser Gys [tTF2-219]. The DNA was made as 
described in the previous section except that the 5' primer 15 
was replaced by the following primer in the PGR. 



5* primer: 5' 

GTC ATG CCA TGG CCC TGG TGC CTC GTG GTT CTT 
GCG GCA CTA CAA ATA CT (SEQ ID NO :5) 



The vector construct and protein purification is the same 
as described for the (His)^ Ala Met Ala Cys [tTF] construct, 
except that thrombin treatment was used to remove the 
(His)g as described above. 

He [tTF]G, (His)6 Ala Met Ala [tTF] Cys. The DNA was 
inade the same way as described in the (His)(s AMA [tTF] 
sections, except that the 3' primer was replaced by the 
following primer. 



3' primer: 5' 

TGA CAA GCT TAG C AT TCT CTG AAT TCC CCC TTT CT 
(SEQ ID NO:6) 



The underlined sequence encodes the G-terminus of tTF, 
The rest of the sequence contains the Hindlll restriction site 
for cloning tTF in to the expression vector. 

All of the procedures are the same as described in the tTF 40 
section except that 10 mM pi-ME was used in the 6M 
Gu-HCl denaturing solution and the G-tenninal cysteine was 
protected with an exchangeable oxidizing/reducing reagent. 

Other [tTF] Gys monomers, such as [tTF 1-220] Gys, 
[tTF 1-221] Gys and [tTF 1-222] Gys are also made (and 45 
conjugated) using the same methodology. 
D. G Linker [tTF] 

The G Linker [tTF], Gly-Ser-Gys-(Gly)4-Ser-(Gly)4-Ser- 
(Gly)4-Ser-[tTF], was also constructed. The cDNA was 
made using a two step PGR procedure as follows: 

PGR 1: amplification of linker DNA 

cDNA encoding the Ncol site, the thrombin cleavage site, 
cysteine, linker and the N-terminiis of tTF was amplified 
using the following primers: 



5' primer: 5' 

GTC ATG CCA TGG CCC TGG TGC CTC GTG GTT GCG 
GA GGC GGT GGA TCA GGC (SEQ ID NO:7) 

3' primer: 5' 

AGT ATT TGT AGT GCC TGA GGA TCC GCC ACC TCC 
ACT (SEQ ED NO:8) 



The underlined sequences encode the linker peptide. The 65 
DNA template used in the PGR was double strand DNA 
encoding the following linker. 
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Sequence: 

GGA GGC GGT GGA TCA GGC GGT GGA GGT AGT GGA GGT 
GGC GGA TCC (SEQ ID NO:9) 



The same PGR conditions were used as described in the 
tTF section. The 95 b.p. amplified product was linked to tTF 
DNA in the PGR2. 

PGR 2: Linking the Gys-linker DNA to tTF DNA. DNA 
templates used in the PGR were two overlapping DNA: The 
95 b.p. DNA from PGR 1 as described above and tTF DNA. 
The primers used were the following: 



5' primer: 5' 

GTC ATG CCA TGG CCC TG (SEQIDNO:10) 
3' primer: 5' 

TGA CAA GCT TAT TCT CTG AAT TCC CCC TIT CT 
(SEQIDNO:ll) 



The final PGR product of 740 b.p. was digested with Ncol 
and Hindlll and inserted into the Hg pQE 60 as described in 
the tTF section. . 

The vector constructs and protein purification procedures 
are all the same as described in the CftTF] section. 

EXAMPLE V 

SYNTHESIS OF DIMERIC TISSUE FACTOR 

The inventors' reasoned that tissue factor dimers may be 
more potent than monomers at initiating coagulation. It is 
possible that native tissue factor on the surface of J82 
bladder carcinoma cells may exist as a dimer (Fair et al., 
1987). The binding of one factor VII or Vila molecule to one 
tissue factor molecule may also facilitate the binding of 
another factor VII or Vila to another tissue factor (Fair et al., 
1987; Bach et al., 1986). Furthermore, tissue factor shows 
structural homology to members of the cytokine receptor 
family (Edgington et al., 1991) some of which dimerize to 
form active receptors (Davies and Wlodawer, 1995). The 
inventors therefore synthesized TF dimers, as follows. 

A [tTF] Linker [tTF]. 

TTie Gly [tTF] Linker [tTF] with the structure Gly[tTF] 
(Gly)4 Ser (Gly)4 Ser (Gly)^ Ser [tTF] was made. Two pieces 
of DNA were PGR amplified separately and were ligated and 
inserted into the vector as follows: 

PGR 1: Preparation of tTF and the 5' half of the linker 
DNA, The primer sequences in the PGR are as follows: 



5' primer: 5' GTC ATG CCA TGG CCC TGG TGC CTC GTG GTT 
err GCG GCA CTA CAA ATA CT (SEQ ID NO:12) 

3' primer: 5' CGC GGA TCC ACC GCC ACC AGA TCC ACC GCC 
TCC TTC TCT GAA TTC CCC TTT CT (SEQ ID NO:13) 



Gly[tTF] DNA was used as the DNA template. Further 
PGR conditions were as described in the tTF section. 
PGR 2: Preparation of the 3' half of the linker DNA and 

tTF DNA. The primer sequences in the PGR were as 

follows: 
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5' primer: 5' OGC GGATCX: GGC GOT GGA GGC TCTTCA GGC 
ACT ACA AAT ACT GT (SEQ ID NO:14) 

3'pruner: 5' TGA CAA CKT TAT TCT CTG AAT TCC CCT TTC T 
(SEQ ID NO:15) 



tTF DNA was used as the template in the PCR. The 
product from PCR 1 was digested with Ncol and BamH. The 
product from PCR 2 was digested with Hindi II and BamHL 
The digested PCRl and PCR2 DNA were ligated with Ncol 
and Hindlll-digested Hg pQE 60 DNA. 

For the vector constructs and protein purification, the 
procedures were the same as described in the Gly [tTF] 
section. 

B. Cys [tTF] Linker [tTF] 

The Cys [tTF] Linker [tTF] with the structuire Ser Gly Cys 
[tTF 2-219] (Gly)4 Ser (Gly)4 Ser(Gly) 4 Ser [tTF] was also 
constructed. DNA was made by PCR using the following 
primers were used: 



5' primer: 5' GTC ATG CCA TGG CCC TGG TGC CTC GTG GTT 
CTT GOG GCA CTA CAA ATA CT (SEQ ID NO:16) 

3' primer: 5* TGA CAA GCT TAT TCT CTG AAT TCC OCT TTC T 
(SEQ ID NO:17) 



[tTF] linker [tTF] DNA was used as the template. The 
remaining PCR conditions were the same as described in the 
tTF section. The vector constructs and protein purification 
were all as described in the purification of HgCftTF]. 
C. [tTF] Linker [tTFJcys 

The [tTF] Linker [tTF]cys dimer with the protein struc- 
ture [tTF] (Gly)4 Ser (Gly)^ Ser (Gly)^ Ser [tTF] Cys was 
also made. The DNA was made by PCR using the following 
primers: 



5' primer: 5' GTC ATG CCA TGG CCC TGG TGC CTC GTG GTT 
GCA CTA CAA ATA CT (SEQ ID NO: 18) 

3' primer: 5' TGA CAA GOT TAG CAT TCT CTG AAT TCC CCT 
TTC T (SEQ ID NO: 19), 



[tTF] linker [tTF] DNA was used as the template. The 
remaining PCR conditions were the same as described in the 
tTF section. The vector constructs and protein purification 
were again performed as described in the purification of 
[tTF]cys section. 

D. Chemically Conjugated Dimers 

[tTF] Cys monomer are conjugated chemically to form 
[tTF] Cys-Cys [tTF] dimers. This is done by adding an equal 
molar amount of DTT to the protected [tTF] Cys at room 
temperature for 1 hr to deprotect and expose the cysteine at 
the C-terminus of [tTF] Cys. An equal molar amount of 
protected [tTF] Cys is added to the DTT/[tTF] Cys mixture 
and the incubation is continued for 18 h at room tempera- 
ture. The dimers are purified on a G-75 gel filtration column. 

The Cys [tTF] monomer is conjugated chemically to form 
dimers using the same method. 

EXAMPLE VI 

SYNTHESIS OF TISSUE FACTOR MUTANTS 

Two tTF mutants are described that lack the capacity to 
convert tTF-bound factor VII to factor Vila. There is 300- 
fold less factor Vila in the plasma compared with factor VII 
(Morrissey et al., 1993). Therefore, circulating mutant tTF 
should be less able to initiate coagulation and hence exhibit 
very low toxicity. In coaguligands, once the mutant tTF has 



localized through the attached antibody to the tumor site. 
Factor Vila will be injected to exchange with the tTF-bound 
Factor VII. The mutants are active in the presence of factor 
Vila. 
5 A. [tTF]G164A 

The "[tTF]G164A" has the mutant protein structure with 
the amino acid 164 (Gly) of tTF being replaced by Ala. The 
Chameleon double-stranded site directed mutagenesis kit 
(Stratagene) is used for generating the mutant. The DNA 
template is GIy[tTF] DNA and the sequence of the 
mutagenizing primer is: 



5' CAA GTT CAG CCA AGA AAAC (SEQ ID NO:20) 

The vector constructs and protein purification procedures 
described above are used in the purification of Gly[tTF]. 
B. [tTF] W158R S162A 

The [tTF]W158R S162A is a double mutant in which 
amino acid 158 (Trp) of tTF is replaced by Arg and amino 
acid 162 (Ser) is replaced by Ala. The same mutagenizing 
method is used as described for [tTF] G164A. The 
mutagenizing primer is: 
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5 ' ACA err TAT TAT COG AAA TCT TC A GCT TCA GGA AAG 
(SEQ ID NO:21) 

The foregoing vector constructs and protein purification 
procedures are used for purifying Gly[tTF]. 

EXAMPLE VII 



SYNTHESIS OF TISSUE FAITTOR 
CONJUGATES 
A. Chemical Derivatization and Antibody Conjugation 

35 Antibody tTF conjugates were synthesized by the linkage 
of chemically derivatized antibody to chemically derivatized 
tTF via a disulfide bond (as exemplified in FIG. 5). 

Antibody was reacted with a 5-fold molar excess of 
succinimidyl oxycarbonyl-a-methyl a-(2-pyridyldithio) 

40 toluene (SMPT) for 1 hour at room temperature to yield a 
derivatized antibody with an average of 2 pyridyldisulphide 
groups per antibody molectde. Derivatized antibody was 
purified by gel permeation chromatography. 

A 2,5-fold molar excess of tTF over antibody was reacted 

45 with a 45-fold molar excess of 2-iminothiolane (2IT) for 1 
hour at room temperature to yield tTF with an average of 1.5 
sulfhydryl groups per tTF molecule. Derivatized tTF was 
also purified by gel permeation chromatography and imme- 
diately mixed with the derivatized antibody, 

50 The mixture was left to react for 72 hours at room 
temperature and then applied to a Sephacryl S-300 column 
to separate the antibody-tTF conjugate from free tTF and 
released pyridine-2-thione. The conjugate was separated 
from free antibody by afiSnity chromatography on a anti-tTF 

55 column. The predominant molecular species of the final 
conjugate product was the singly substituted antibody-tTF 
conjugate (Mr approx. 176,000) with lesser amounts of 
multiply substituted conjugates (Mr^approx, 202,000) as 
assessed by SDS-PAGE. 

60 B. Conjugation of CJysteine-Modified tTF to Derivatized 
Antibody 

Antibody-C^TF] and [tTF]C conjugates were synthesized 
by direct coupling of cysteine-modified tTF to chemically 
derivatized antibody via a disulfide bond (as exemplified in 
65 FIG. 5). 

Antibody was reacted with a 12-fold molar excess of ITT 
for 1 hour at room temperature to yield derivatized antibody 
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with an average of 1.5 sulfhydryl groups per antibody 
molecule. Derivatized antibody was purified by gel perme- 
ation chromatography and immediately mixed with a 2-fold 
molar excess of cysteine -modified tTF. The mixture was left 
to react for 24 hours at room temperature and then the 
conjugate was purified by gel permeation and affinity chro- 
matography as described above. 

The predominant molecular species of the final conjugate 
was the singly substituted conjugate (Mr approx, 176,000) 
with lesser amounts of multiple substituted conjugates 
(Mr^approx. 202,000) as assessed by SDS-PAGE. 

C. Conjugation of Cysteine -Modified iTF to Fab' Fragments 
Antibody Fab'-C[tTF] and [tTF]C conjugates are pre- 
pared. Such conjugates may be more potent in vivo because 
they should remain on the cell surface for longer than 
bivalent conjugates due to their limited internahzation 
capacity. Fab' fragments are mixed with a 2-fold molar 
excess of cysteine-modified tTF for 24 hours and then the 
conjugate purified by gel permeation and affinity chroma- 
tography as described above. 

D. Clotting Activity of tTF Conjugates 

tTF conjugates were prepared with the B21-2 monoclonal 
antibody which binds to Class II antigens expressed on the 
siu^face to A20 cells. The conjugates were prepared with 
chemically derivatized tTF and cysteine-modified tTF and 
the abihty of the conjugates to clot mouse plasma in CaCl2 
was determined after their binding to the surface of A20 
cells. 

Both B21-2 conjugates shortened the clotting time of 
mouse plasma in CaQj (control) in a dose-dependent man- 
ner. The tTF conjugates displayed a similar enhancement in 
coagulation as occurred when tTF was tethered to the 
surface of A20 cells with the bispecific antibody B21-2/ 
lOHlO (FIG. 6). 

E. Anti-tumor Cell tTF Conjugates 

It has already been established that when tTF is targeted 
to tumor vascular endothelial cells it induces coagulation 
within the tumor vessels (Examples I through III). The 
inventors* contemplated that coagulation would be induced 
in tumor vessels if tTF was targeted to the surface of tumor 
cells. 

Three anti-tumor cell antibodies, KSl/4, D612, and 
XMMCO-791, were conjugated to tTF as described in the 
"Preparation of tTF conjugates" section above. KSl/4 was 
obtained from Dr. R. Reisfeld at the Scripps Research 
Institute, Department of Immunology, La Jolla, CaUf., and is 
also described in U.S. Pat. No. 4,975369; D612 was 
obtained from Dr. J. Schlom at the NCI, Laboratory of 
Tumor Immunology and Biology, Bethesda, Md., is 
described in U.S. Pat. No. 5,183,756 and can be obtained 
from culture superaatants from the ATCC hybridoma cell 
line Accession No. HB 9796; XMMCO-791 was purified 
from tissue culture supernatant from the hybridoma cell line 
purchased from the ATCC. 

The human colon carcinoma cell line Widr was used as a 
target cell for KSl/4. Widr cells were purchased from the 
ATCC and were maintained in DMEM supplemented with 
10% (vA^) fetal calf serum, L-glutamine and antibiotics in an 
atmosphere of 10% (v/v) COj in air. The human colon 
carcinoma cell line LS147T was used as a target cell for 
D612. LS147T cells were purchased from the ATCC and 
were maintained in RPMI supplemented with 10% (vA^) 
fetal calf serum, L-glutamine and antibiotics in an atmo- 
sphere of 5% (vA^) CO2 in air. The human non small cell 
lung cancer cell line H460 was used as a target cell for 
XMMCO-791. H460 cells were obtained from Dr. Adi 
Gazdar, Simmons Cancer Center, University of Texas South- 
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western Medical Center, Dallas, Tex. and were maintained in 
DMEM supplemented with 10% (vA^) fetal calf serum, 
L-glutamine and antibiotics in an atmosphere of 10% (v/v) 
CO2 in air. All three cell lines grew as adherent monolayers. 

The conjugates were tested for their ability to enhance the 
clotting time of mouse plasma in CaCl2 when bound to 
tumor cells expressing the relevant target antigens. Tumor 
cells were removed from tissue culture flasks with 0.05% 
(w/v) EDTA in PBS. The cells were preincubated with 
TF9-6B4 and TF8-5G9 antibodies to neutralize any native 
tissue factor activity (Morrisey et. al., 1988) and then the 
coagulation assay was performed as described for A20 ceUs, 

When bound to their target cell line, all three conjugates 
shortened the clotting time of mouse plasma in CaCl2 
(control) in a dose-dependent manner (FIG. 7), indicating 
that coagulation was accelerated at the surface of tumor cells 
when tTF was targeted to the cell surface. 

EXAMPLE VIII 

SYNTHESIS OF TISSUE FACTOR PRODRUGS 

Exemplary tTF prodrugs have the following structures: 
tTFi.219 QQn2 OOra ^ Ligaud, where tTFi.219 represents TF 
minus the cytosolic and transmembrane domains; X repre- 
sents a hydrophobic transmembrane domain nl amino acids 
(AA) in length (1-20 AA); Y represents a hydrophilic 
protease recognition sequence of n2 AA in length (sufficient 
AAto ensure appropriate protease recognition); Z represents 
a disulfide thioester or other linking group such as (Cys)i.2J 
Ligand represents an antibody or other targeting moiety 
recognizing tumor-cells, tumor EC, connective tissue 
(stroma) or basal lamina markers 

The tTF prodrug is contemplated for injection intrave- 
nously allowing it to localize to diseased tissue (i.e. tumor). 
Once localized in the diseased tissue, endogenous proteases 
(i.e., metalloproteinases, thrombin, factor Xa, factor Vila, 
factor IXa, plasmin) will cleave the hydrophilic protease 
recognition sequence from the prodrug which will allow the 
hydrophobic transmembrane sequence to insert into a local 
cell membrane. Once the tail has inserted into the 
membrane, the tTF will regain its coagulation-inducing 
properties resulting in clot formation in the vasculatiu^e of 
the diseased tissue. 

EXAMPLE IX 

SYNTHESIS OF COAGULAnON FACTORS 
LACKING THE Gla MODIFICATION 

The vitamin-K-dependent coagulation factors (Factor 
Il/IIa, Factor VIIATIa, Factor IX/IXa and Factor X/Xa) 
lacking the Gla (y-carboxyglutamic acid) modification are 
contemplated to be usefiil for the formation of coaguligands. 
Coagulation factors lacking the Gla modification are poor 
coagulants because the urunodified factors associate ineffi- 
ciently with lipid membranes: targeting the factor via a 
ligand to the vasculature of tumors or other sites should 
bring the factor back into proximity to the cell surface and 
enable coagulation to proceed in that site. 

"Gla" is made post-translationally by modifying the exist- 
ing Glu (Glutamic acid) residues. \^tamin-K-dependent 
coagulation factors (Factor Il/IIa, Factor Vll/VIIa, Factor 
IX/IXa and Factor X/Ka) lacking the Gla modification may 
be made by expressing the genes that encode them in a host, 
such as bacteria, that does not modify Glu to Gla. The DNA 
sequences encoding each of Factor Il/IIa, Factor VIIA^Ia, 
Factor IX/IXa and Factor X/Xa are included herein as SEQ 
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ID NO:24, SEQ ID NO:25, SEQ ID NO:26 and SEQ ID 
NO: 27, respectively. Procaryotic expression is therefore 
straightforward. 

Such Gla-lacking factors may also be made by mutating 
any of the sequences described above (SEQ ID NO: 24, SEQ 5 
ID NO:25, SEQ ID NO:26 and SEQ ID NO:27) to change 
the corresponding Glu residues to another amino acid before 
expressing the genes, this time in virtually any host cell. The 
codon to be changed is the GAG codon (GAA also encodes 
Glu and is to be avoided). Using Factor VII as an example, 
the Gla "domain" is located generally in the 216-325 region. 
The first Gla-encoding triplet occurs at 231 of SEQ ID 
NO:25, and the last extends through 318 of SEQ ID NO:25. 
The GAG codons may readily be changed using molecular 
biological techniques. 

FIG. 8 shows that the Gla domains of each of the above 
vitamin-K-dependent coagulation factors lie in an analogous 
region. Therefore, mutation of the so-called "corresponding" 
Glu residues in any one of SEQ ID NO:24, SEQ ID NO:26 
and SEQ ID NO:27 will also be straightforwardf 

The following Table of codons is provided to enable ready 20 
mutation choices to be made in modifying a given Gla- 
encoding codon or sequence. 



Amino Acids 






Codons 








Alanine 


Ala 


A 


GCA 


GCC 


GCG 


GCU 




Cysteine 


Cys 


C 


UGC 


UGU 








Aspartic acid 


Asp 


D 


GAC 


GAU 








Glutamic acid 


Glu 


E 


GAA 


GAG 








Phenylalanine 


Phc 


F 


uuc 


uuu 








Glycine 


Gly 


G 


GGA 


GGC 


GGG 


GGU 




Histidine 


Elis 


H 


CAC 


CAU 








Isoleucine 


He 


I 


AUA 


AUG 


AUU 






Lysine 


Lys 


K 


AAA 


AAG 








Leucine 


Leu 


L 


UUA 


UUG 


CUA 


cue 


CUG CUU 


Methionine 


Met 


M 


AUG 










Asparagine 


Asn 


N 


AAC 


AAU 








Proline 


Pro 


P 


CCA 


occ 


CCG 


ecu 




Glutamine 


Gin 


Q 


CAA 


CAG 








Argininc 


Arg 


R 


AGA 


AGG 


CGA 


CGC 


CGG CGU 


Serine 


Ser 


S 


AGC 


AGU 


UCA 


UCC 


UCG UCU 


Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 




Valine 


\^1 


V 


GUA 


GUC 


GUG 


GUU 




Tryptophan 


Tip 


W 


UGG 










Tyrosine 


TVr 


Y 


UAC 


UAU 









Site-Specific mutagenesis is the technique contemplated 
for use in the preparation of individual vitamin-K-dependent 45 
coagulation factors lacking the Gla modification, through 
specific mutagenesis of the underlying DNA and the intro- 
duction of one or more nucleotide sequence changes into the 
DNA. 

Site-specific mutagenesis allows the production of 50 
mutants through the use of specific oligonucleotide 
sequences which encode the DNA sequence of the desired 
mutation, as well as a sufEcient number of adjacent 
nucleotides, to provide a primer sequence of sujBEcient size 
and sequence complexity to form a stable duplex on both 
sides of the deletion junction being traversed. Typically, a 
primer of about 17 to 25 nucleotides in length is preferred, 
with about 5 to 10 residues on both sides of the junction of 
the sequence being altered. 

In general, the technique of site-specific mutagenesis is 
well known in the art, as exemplified by publications such 
as Adehnan et al. (1983) and by the TF mutant studies 
described above. The technique typically employs a phage 
vector which exists in both a single stranded and double 
stranded form. Typical vectors useful in site-directed 
mutagenesis include vectors such as the M13 phage 65 
(Messing et al., 1981). These phage are readily commer- 
cially available and their use is generally well known to 
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those skilled in the art. Double stranded plasmids are also 
routinely employed in site directed mutagenesis which 
eliminates the step of transferring the gene of interest from 
a plasmid to a phage. 

In general, site-directed mutagenesis in accordance here- 
with is performed by first obtaining a single-stranded vector 
or melting apart the two strands of a double stranded vector 
which includes within its sequence a DNA sequence which 
encodes the vitamin-K-dependent coagulation factor. An 
oligonucleotide primer bearing the desired mutated 
sequence is prepared, generally synthetically, for example 
by the method of Crea et al. (1978). This primer is then 
annealed with the single-stranded vector, and subjected to 
DNA polymerizing enzymes such as E. coli polymerase I 
Klenow fragment, in order to complete the synthesis of the 
mutation-bearing strand. Thus, a heteroduplex is formed 
wherein one strand encodes the original non-mutated 
sequence and the second strand bears the desired mutation. 
This heteroduplex vector is then used to transform appro- 
priate cells, such as E. coli cells, and clones are selected 
which include recombinant vectors bearing the mutated 
sequence arrangement. 

EXAMPLE X 

FURTHER ANTI-TUMOR VASCULATURE 
ANTIBODIES 

This example describes the generation of antibodies 
directed against tumor-derived endothelial cell "binding 
factors'* for use in distinguishing between tumor vasculature 
and the vasculature of normal tissues. Particularly described 
is the generation of antibodies directed against vascular 
permeability factor (VPF), also termed vascular endothelial 
cell growth factor (VEGF), and against bFGF (basic fibro- 
blast growth factor). 

For further details concerning FGF one may refer to 
Gomez-Pinilla and Cotman (1992); Nishikawa et al (1992), 
that describe the localization of basic fibroblast growth 
factor; Xu et al. (1992), that relates to the expression and 
immunochemical analysis of FGF; Reilly et al. (1989), that 
concerns monoclonal antibodies; Dixon et al. (1989), that 
relates to FGF detection and characterization; Matsuzaki et 
al. (1989), that concerns monoclonal antibodies against 
heparin-binding growth factor; and Herblin and Gross 
(1992), that discuss the binding sites for bFGF on solid 
tumors associated with the vasculature. 

In the present studies, rabbits were hyperimmunized with 
N-terminal peptides of human VEGF, mouse VEGF, guinea 
pig VEGF, human bFGF, mouse bFGF or guinea pig bFGF 
coupled to tuberculin (purified protein derivative, PPD) or 
thyroglobulin carriers. The peptides were 25 to 26 amino 
adds in length and were synthesized on a peptide synthe- 
sizer with cysteine as the C- terminal residue. Antisera were 
afi&nity purified on columns of the peptides coupled to 
Sephraose matrices. 

Antibodies to VEGF were identified by ELISA and by 
their staining patterns on frozen sections of guinea pig 
tumors and normal tissues. Polyclonal antibodies to guinea 
pig VEGF and human VEGF reacted with the majority of 
vascular endothelial cells on frozen sections of guinea pig 
LIO tumors and a variety of human tumors (parotid, ovarian, 
mammary carcinomas) respectively. The anti-human VEGF 
antibody stained mesangial cells surrounding the endothelial 
cells in normal human kidney glomerulae and endothelial 
cells in the liver, but did not stain blood vessels in normal 
human stomach, leg muscle and spleen. The anti-guinea pig 
VEGF antibody did not stain endothelial cells in any normal 
tissues, including kidney, brain, spleen, heart, seminal 
vesicle, lung, large intestine, thymus, prostrate, liver, testicle 
and skeletal miiscle. 
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Polyclonal antibodies to human FGF stained endothelial 
cells in parotid and ovarian carcinomas, but not those in 
mammary carcinomas. Anti-human FGF antibodies stained 
glomerular endothelial cells in human kidney, but not endot- 
helial cells in normal stomach, leg muscle and spleen. 

Monoclonal antibodies to guinea pig VEGF, human 
VEGF and guinea pig bFGF were prepared by immunizing 
BALE/c mice with the N-terminal sequence peptides (with 
cysteine at the C-terminus of the peptide) coupled to PPD or 
to thyroglobulin. The synthetic peptides immunogens of 
defined sequence are shown below and are represented by 
SEQ ID NO:30, SEQ ID N0:31 AND SEQ ID NO:32, 
respectively: 



guinea pig 

VEGF 

human 

VEGF 
guinea pig 
bPGF 



APMAEGEQKPREVVKFMDVYKRSYC 

APMAEGGGQNHHEVVKFMDVYQRSY 
C 

MAAGS[TTLPALPEGGDGGAFAPGC 



10 



15 



20 



The peptides were conjugated to thyroglobulin or to PPD 
by derivatizing the thyroglobulin with succimidyl 4 -(N- 
maleimidomethyl)cyclohexane-l-carboxylate (SMCC) and 
reacting the derivative with the peptide. This yields a 
conjugate having one or more peptide sequences linked via 
a thioether bond to thyroglobulin. 

Specifically, the generation of monoclonal antibodies 
against the above sequences was achieved using the follow- 
ing procedure: BALB/c mice were immunized by serial 
injections with peptide-PPD or peptide-thyroglobulin into 
several sites. Four or five days after the last injection, the 
spleens were removed and splenocytes were fused with 
P3xG3Ag8.653 myeloma cells using polyethyleneglycol 
according to the procedures published in Morrow, et al. 
(1991). 

Individual hybridoma supernatants were screened as fol- 
lows: 

First screen: ELISA on peptide -thyroglobulin -coated 
plates. 

Second screen: EUSA on cysteine linked via SMCC to 
thyroglobulin. 

Third screen: Indirect immunoperoxidase staining of fro- 
zen sections of guinea pig line 10 tumor or human 
parotid carcinoma. 

Fourth screen: Indirect immunoperoxidase staining of ^5 
frozen sections of miscellaneotis malignant and normal 
guinea pig and human tissues. 

Antibodies were selected that bound to peptide- 
thyroglobulin but not to cysteine-thyroglobulin, and which 
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bound to endothelial cells in malignant tumors more 
strongly than they did to endothelial cells in normal tissues 
(Table VIII). 

TABLE VIII 

Reactivity of Monoclonai Antibodies 



Reactivity with 'Himor IVmor 
Endothelium 



MoAB 


Immunogen^ 


Class 


g- pig 


human 


Pattern* 


GV14 


gp VEGF 


IgM 


+ 


+ 


BV + some 








tumor cells 


GV35 


gp VEGF 


IgM 


+ 


+ 


Tbmor cells. 








weak on BV 


GV39 


Q) VEGF 


IgM 


+ 


+ 


BV and some 












tumor cells 


GV59 


gp VEGF 


IgM 


+ 


+ 


BV and some 












tumor cells 


GV97 


gp VEGF 


IgM 


+ 


+ 


BV, weak on 












tumor cells 


ErV55 


hu VEGF 


IgG 




+ 


BasemeiU 










membrane. 












some BV 


GF67 


gp FGF 


IgM 


+ 


+ 


BV and tumor 












cells 


GF82 


gp FGF 


IgM 


+ 


+ 


BV and tumor 








cells 



*BV = blood vessels 



hu- 



» guinea pig 
human 



A. GV97 Staining of Human and Guinea Pig Tissue Sections 

The GV97 antibody against guinea pig VEGF N-terminus 
bound to endothelial cells in miscellaneous human malig- 
nant (Table IX) and nonnal (Table X) tissues. The GV39 and 
GV97 antibodies were deposited Dec. 12, 1997, with the 
American Type Culture Collection (ATCC), 12301 
Parklawn Drive, Rockville, Md. 20852, U.S.A. and given 
the ATCC Accession numbers ATCC HB 12450 and ATCC 
HB 12451, respectively. Effective Mar. 23, 1998, the address 
of the ATCC is: 10801 University Boulevard, Manassas, Va., 
20110-2209, U.S.A. 

Binding to endothelial cells in malignant ttmiors tended to 
exceed that to endothelial cells in normal tissues. 

The staining of endothelial cells in guinea pig tumor (line 
10 hepatocellular carcinoma) and normal tissues was similar 
in distribution and intensity to that observed with human 
tissues (Table XI). 

In the Tables, + indicates a positive, as opposed to a 
negative, result. The numbers 2+, 3+ and 4+ refer to a 
positive signal of increasing strength, as is routinely under- 
stood in this field of study. 



TABLE IX 



Anti-GPVEGF on Human Ibmors 



Tbmor TISSUE 
DIGESTtVE TRACT 

92-01-A073 
eaophagus carcinoma 
M4 Parotid 
87-07-A134 Parotid 
carcinoma 
M5 Parotid 
88^4-AOlO parotid 
adenoca. 



Purified GV97 1 ug/ml or 

20 ug/ml 10 ug/ml 5 ug/ml 2 ug/ml 0.5 ug/ml GV97 supL GV14 GV39 GV59 supt. 



2+ 



1+ 



2+ 



1-2+ 1+ 



4+ 



3+ 4+ 



1-3+ 
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TABLE IX-continued 



Anti-GPVEGF on Human TXimors 



Purified GV97 1 ug/ml or 



Tumox TISSUE 20 ug/ml 10 ug/ml 5 ug/ml 2 ug/ml 0.5 ug/ml GV97 supt. GV14 GV39 GV59 supL 



90-11-B319 Adcno. Ca. 












3-4+ 


3-4+ 




of colon to liver 


















94-02-B021C 












3-4+ 


3-4+ 




Adenocarcinoma of 


















colon 


















93- 10- A333 Adeno. Ca. 


4+ 


2-4+ 


1—4+ 


-VC-1+ 




4+ 




3+ 


of colon with normal 


















93-02- B004 Villous and 


4+ 


3-4+ 


2-4+ 


1-2+ 




3-4+ 


2-3+ 




Adenomatoua polyp of 


















colon 


















93-02-A130 




3+ 


2+ 


+/ — 1+ 


-ve 


4+ 


4+ 


3-4+ 


Leiomyosarcoma in 


















colon 


















93-02-B020 Gastric Ca. 




4+ 


2+ 


2-3+ 


-ve-l+ 




1-2+ 


4+ 


93-04- A221 Pancreas 




3-4+ 


2-3+ 


1-2+ 


-ve-0.5+ 




4+ 


4+ 


Adenoca. 


















94-04-A390 rectum 




4+ 


3+ 


1-2+ 


1+ 






3+ 


adenoca. 


















93-12-A160 tongue 




1-2+ 


+/- 


-ve 


-ve 




3+ 


3+ 


carcino maadenoca. 


















101 -84a Stomach signet 




3+ 


2+ 


-ve-l+ 


-ve 


most 1- 




3+ 


rmg Ca. (101-o4o 












2+ but a 






pair) 












few 3—4+ 






90-05-A172 Stomach 




4+ 


3+ 


1-2+ 


-ve-l+ 




-ve 


3+ 


Adenoca. 


















REPRODUCnVE TRACT 


















yi-iU~Aiio oC{uam. ceii 


1—4+ 


1—3+ 


1—2+ 


1—2+ 




1—4+ 




1—3+ 


Ca. of vulva 


















93-03-A343 Prostate 




+/ — 


+/- to 2-3+ 


+/- to 1-2+ 


+/- 




3-4+ 


3-4+ 


Adenoca. 




3-4+ 














MUSCLE 


















IMMUNE SYSTEM 


















UKINAKY oYolcM 


















93-10-0002 Kenal cell 












2+ 




3+ 




















on n't A tic Ti— 1 ~-.li 

90-01 -A225 Renal cell 




4+ 


4+ 


'3—4+ of 


1-3+ of 


3-4+ 


3+ 


3-4+ 


Ca, 








most 


some 








93-01-A257 Transit 


3-^ 


2-3+ 


1-2+ 


+/- 




2-3+ 




2-3+ 


cell Ca, of bladder 


















ENDOCRINE SYSTEM 


















94-01-A246 


4+ 


4+ 


3-4+ 


3+ 




4+ 




3-4+ 


Pheochromocytoma of 


















adrenal 


















93-11 -A074 Adrenal 


3-^ 


3-4+ 


2-3+ 


1+ 




3-4+ 




4+ 


Cort Ca. 


















RESPIRArORY SYSTCM 


















93-08-N009 Lung 












3-4+ 


3-4+ 


3-4+ 


Adenoca. 


















92-10-A316 Sq. cell 




4+ 




1-2+ 


-ve-0.5+ 




4+ 


4+ 


lung Ca. 


















03-05-A065 Lung 




4+ 


3-4+ 


-ve-l+ 


1+ 




3+ 


3+ 


adenoca. 


















CENTRAL NERVOUS SYSTEM 


















94-01-A299 malig. 


4+ 


4+ 


4+ 


3-4+ 




4+ 




3-4+ 


metast. schwanoma to 


















I^mph node 


















92-10-A139 Meningioma 


4+ 


3-4+ 


2-3+ 


1-2+ 




4+ 




3-4+ 


91-12- AOl 3 Meningioma 


4+ 


2-3+ 


-ve-3+ 


+/- 




4+ 




3+ 


93-03-A361 Atypical 




4+ 


4+ 


3+ 


2+ 


4+ 




3+ 



meningioma 
INTEGUMENTARY SYSTEM 

94-04- V037 Skin Sq, -ve to 4+ -ve to 3+ -ve to 1+ -ve 2-3+ 2-3+ 

cell Ca. w/normal 

89-02-225 leg sarcoma 4+ 3-4+ 1+ 1+ 4+2+ 

MISC TUMORS 
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TABLE X 

Anti-GPVEGP on Human Normal Tissues 

Purified GV97 1 ug/ml or GV59 

■nunor TISSUE 20 ug/ml 10 ug/ml 5 ug/ml 2 ug/ml 0.5 ug/ml GV97 supt GV14 GV39 supt 

DIGESTIVE SYSTEM 



91-01-A128 




3+ 


2+ 


1+ 




2—3+ 


2—3+ 


Bladder w/ 
















cystitis 
















94-02- B020 












2-3+ 2—3+ 




uninvolved colon 
















92-01-A292 N. 


4+ 


4+ 


4+ 


3-4+ 




4+ 


3-4+ 


Colon 
















93- 10- All 6 N. 


Z-4+ 


1-4+ 


1-3+ 


-ve— 2+ 


— ve 


3-4+ 2-3+ 


3-4+ 


Colon 
















9O-06-A116 N. 












3+ of many 2+ 




colon 














93-02- A350 N. 




3-4+ 


3+ 


1+ 


+/- 


4+ 


4+ 


esophagi 
















93-05-A503 N. 












4+ 


4+ 


Jlcum 
















94-03- A244 N. 




4+ 


1-3+ 


ve 1+ 




4+ 


4+ 


liver 
















90-02-6132 N. 


1+ of a 


+/- 


-ve 


-ve 


-ve 


1-3+ 2-3+ 2-3+ 


2-3+ 


Liver 
















94-01 -A181 N 




1-4+ 


1-3+ 


1—3+ of a 






3—4+ 


Pancreas 


few 














90-05-D008 N. 




2-4+ 


1-3+ 


+/- 




2—3+ 


2-3+ 


Pancreas 
















93-05-A174 N. 




2+ of a few 


1-2+ of a 


1+ of a few 


-ve 


-ve 3+ of a 


2-3+ 


Parotid 






few 










94-04-A391 N. 




1-3+ 


-ve-2+ 


-ve 


-ve 




3+ 


Small bowel 
















88-06-107 N. 


3+ 


2+ 


+/- 


-ve 




3-4+ 


3+ 


Stomach 
















101-84b N. 




3-4+ in main 


2-3+ in 


+/- in main 


-ve in 


3+ 


3-4+ 


Stomach (101 « 84a 




and 


main and 


and 2+ in 


main and 










periphery 


3—4+ in 


periphery 


1+ in 












periphery 




periDherv 






90-11-B337 N. 




2-3+ 


+/— 1+ 


-ve 


— ve 


3+ 


3+ 


Stomach 
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93-O4-A041 N. 












4+ 3+ 




Breast 
















94-02-A197 N. 












4+ 3+ 




Breast 
















w/fibrocystic 
















change 
















93-02-A051 Breast 




-ve-l+ 


-ve 


-ve 


-ve 


+/- 


+/— 2+ 


w/fibrocystic 
















change 
















93-02- A103 Breast 


4+ 


3+ 


2+ 


1+ 








w/fibrocysL 
















change 
















92-11-A006 N. 


2+ of most 


1-2+ of most 


0.5+ 


-ve 


-ve 


1-2+ of 


3+ of 


ectocervix 












some 


most 


91-03-A207 N. 




2,5+ 


1.5+ 


1+ 


.5+ 




2-3+ 


ectocervix 
















92-02-A139 N. 


1+ in most 


-ve in most 


-vc 


-ve 




-ve in 


-ve in 


ovary w/cotp. 


but 2+ in 


but 1+ in 








most but 


most 


lusteum 


one area 


one area 








3-4+ in 


bet 3-4 














one area 


in one 
















area 


93-06-AllB N. 




1+ of a few 


-ve 


-ve 


-ve 






Prostate 
















93-ll-A317d 




3-4+ 


2-3+ 


-ve-3+ 


-ve-l+ 


3-4+ 


3-4+ 


Prostate ch^> 
















93-02-A315 




0.5-1+ 


0.5+ 


-ve 


-ve 


1+ 


1.2+ 


Seminal Vesicle 
















92-04-A069 N, 




1+ 


+/- 


+/- 


+/- 


1-2+ 




testis 
















91-04-A117 Ureter 




1+ 


+/- 


-ve 


-vc 


+/— 1+ 


3-4+ 


w/infiammation 
















MUSCLE 
















94-01-A065 N. 




3-4+ 


2+ 


+/- 


-ve 


3-4+ 


4+. 
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I\imor TISSUE 



20 ug/ml 



Anti-GPVEGP on Human Normal Tissues 

Purified GV97 1 ug/ml or GV59 

10 ug/ml 5 ug/ml 2 ug/ml 0.5 ug/ml GV97 supL GV14 GV39 supt 



Heart 

91-07-0007 N. 
skeletal muscle 
95-03-A395 N. 
Skeletal muscle 
IMMUNE SYSTEM 

90- 01-A077 N. 
lymph node 
9CM)8-A022 N. 
lyn^h node 

91- 03-A057 N. 
lymph node 
91-09-B017E 
uninvolved lymph 
node 

93-07-A236 N. 
Spleen 
93-07-252 N. 
spicen 

ENDOCRINE SYSTEM 



1-4+ 



2-3+ 



1-3+ 
4+ 



2+ 

most 1+ but 
a few 4+ 

2+ 

3+ 

3-4+ 
3+ 



1-2+ 
3-4+ 



1+ of some 



-ve 
1-2+ 



-vc 
0.5-1+ 



most 0.5+ most -ve but most -ve 
but a few a few 2+ but a few 



2+ 
1+ 

2+ 

3-4+ 
1+ 



+/- 
+/— 1+ 

-ve-3+ 
+/- 



0.5-1+ 



1-3+ 



2-3+ 



4+ 



2-3+ 



1-3+ 



3+ 3+ 

3-^+ 3-^ 
2-3+ 2-3+ 



2-4+ 



94-04-A252 N. 
adrenal w/ 
medulla and 
cortex 

93-05-A086 N. 
Adrenal medulla 

92- 03-A157 
Hypcrplasic 
thyroid 

91-03-B019 N. 
Thyroid 

URINARY SYSTEM 

93- 09-A04S N. 
Kidney 

91- 11-A075 N. 
Kidney 

93-10-BOOl N. 
Kidney 

INTEGUMENTARY SYSTEM 

92- 08-A029 N, 
Breast skin 
89-02-257 
Cartiledge 
marches 2SS 

RESPIRATORY SYSTEM 

93- 05-A203 N. 
Lung 

92-12-A263 N. 
Bronchus 



4+ 



most -ve a 
few 1-2+ 
1+ 



-ve-3+ 



4+ 



-ve-2+ 

2-3+ w/ducts 
staining 3- 
4+ 



3-4+ 



most -ve a 
few 1-2+ 
+/- 



-ve-2+ 



1-2+ 



-ve-l+ 

1-2+ w/ 
ducts 

staining 
2-3+ 



2+ 



+/- 



+/- to 4+ +/- to 3+ +/- to 1+ 
4+ 3-4+ 2-3+ 



+/- 
-vc 



+/- 

1-2+ 



4+ 

4+ on 
glomeruli 

4+ on 
glomeruli 



3+ 

2-3+ 3-4+ 
4+ 4+ 

2-3+ 2-3+ 



2-3+ 

4+ on 4+ on 

glome- glomeruli 
ruli 

4+ on 4+ on 

glome- glomeruli 
ruli 



2+ 
1+ 



2+ 



2+ 
3-4+ 



3+ 
2-3+ 



TABLE XI 



Staining Pattern of 9F7 anti-VEGF by direct immunohistochemical staining on 6-8 week old GP tissues 

Purified GV97 1 ug/ml or 

TISSUE 20 ug/ml 10 ug/ml 5 ug/ml 2 ug/ml 0.5 ug/ml 9F7 supt. 3F9 supt. 5F9 supL 



DIGESTIVE SYSTEM 



UVER 
INTESTINE 



4+ 



2+ 
3+ 



1-2+ 
2+ 



+/- 
1+ 



+/- 



1-2+ 
4 + m 



1-2+ 
4 + m 
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Stainmg Pattern of 9F7 anti-VEGF by direct immunohistochemical staining on 6-8 week old GP tissues 



TISSUE 



Purified GV97 



1 ug/ml or 



20 ug/ml 10 ug/ml 5 ug/ml 2 ug/ml 0,5 ug/ml 9F7 supt. 3P9 siqjt. 5F9 supt 



PANCREAS 



SMALL 
INTESTINE 



STOMACH 



1+ of many 
and 3+ in 
islands of 
cells 

4+ of many 
and 4+ in 
lymphoid 



3-4+ 



2-3+ of many 
and 4+ in 
lymphoid, 
rest diSL 
than fVin 

1-2+ on most 
occasional 
3+ 



1-2+ of 
many and 4+ 
in 

lysphoid, 
rest di£f. 
than fVin 
+/- on most 
occasional 
2+ 



+/- of many 
and 4+ in 
lymphoid, 
rest diff: 
than fVill 

+/- on most 
occasional 
1+ 



lyn^hoid, lymphoid, 
rest di£f. rest diff. 
than than 



3+ of some 
and 4+ in 
lymphoid 



3—4+ (some 
fVin -ve) 



3+ of some 
and 4+ in 
lymphoid 



3-4+ (some 
fVni -ve) 



REPRODUCnVE SYSTEM 



TESTIS 
MUSCLE AND 
INTRGUMENTARY SYSTEM 

HEART 

MUSCLE 
SKIN 



IMMUNE SYSTEM 

SPLEEN 
THYMUS 

URINARY SYSTEM 
KIDNEY 

ENDOCRINE SYSTEM 



1-2+ in 

fauy 
layer and 
3-4+ in 
cellular 

layer 



glomeruli 
4+ 



1+ in fetty 
layer and 3- 
4+ in 
cellular 
layer 



glomeruli 
3-4+ 



+/- in 
fatty layer 
and 3-4+ of 
a few in 
cellular 
layer 



2+ 



glomeruli 
2-3+ 



+/- in fatty 
layer and 1- 
2+ of a few 
in cellular 
layer 



glomeruli 
1-2+ 



3—4+ (some 3-4+ (some 
fVin -ve) fvni -vc) 



3+ 



3+ 



4+ 



glomeruli glomeruli 
3-4+ 3-4+ 



ADRENAL 

RESPIRATORY SYSTEM 



LUNG 

NERVOUS SYSTEM 



CEREBELLUM 



TUMORS 



2+ 



+/- of most 
and 1+ of a 
few 



+/- of most 
and 1+ of a 
few 



4+ 



TUMOR 



3^ 



2-3+ (2) 



4+ 



3+ 



B. Uck of Reactivity of GV97 With Soluble Human VEGF 
To identify antibodies that are specific for VEGF, the 

VEGF receptor (Flk-1) or VEGF bound (or complexed) to 55 

the receptor, an ELISA screening protocol was developed. 

The procedure is as follows: 

Initially, a 96 well ELISA plate (round bottom) was 
coated (outside wells left blank) with 100 /il/well of 
FLK/seap at 10 //g/ml in sensitizing buffer. After over- 
night incubation, the plate was washed twice with PBS 
overnight at 4* C. Next the FLK/Seap coated plate was 
blocked with 250 /d/well of PBS+CAH (5%) solution 
for 1 h at 31° C. The blocking solution was removed 
and the plate was vigorously tapped on paper towels. ^5 
The blocked plates were then incubated with 100 jul/well 
of VEGF-165 (VEGF 165 aa form produced in yeast 



obtained from Dr. Ramakrishnan, University of 
Minnesota) at 2 ftgjml in binding plus 0.1 ^g/ml heparin 
for 4 h at room temperature or overnight at 4** C. The 
VEGF solution was coUected and the plate washed 2 
times with PBS-tween (0.10%). Next, 100 /^1/well of 
hybridoma fusion supernatant was added to the wells 
and incubated for 1 h at 32° C. Following this super- 
natant incubation, the plate was washed 3 times with 
PBS tween and then incubated with 100 /A well of 
secondary antibody (KPL, Gt anti-mouse IgG at 1:1000 
in PBS tween+CAH (5%) for 1 hour at 3T C. 
Following secondary antibody incubation, the plates were 
washed 4 times with PBS tween, incubated with 100 
/d/well of substrate (Substrate Sigma OPD dissolved in 
citrate buffer+H^Oj) for 20 minutes and read at 490 nm 
on a Cambridge Technology Microplate Reader (Model 
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TISSUE 



NERVOUS SYSTTEM 



CEREBELLUM 
TUMORS 



TUMOR 



7520). Wells with an absorbance above appropriate 
control wells were selected as positives and further 
characterized. 

It was found that GV97 did not bind to recombinant 
VEGF-coated ELISA plates, nor did recombinant human 
VEGF bind to GV97 coated ELISA plates. Soluble recom- 
binant human VEGF did not block the binding of 5 //g/ml 
GV97 to tumor endothelium in histological sections even 
when added at 50 ft^ml 

These data suggest that GV97 recognizes an epitope of lO 
VEGF that is concealed in recombinant human viEGF but 
which becomes accessible when VEGF binds to its receptor 
on endothelial cells. 

C. GV97 Localization in Line 10-Bearing Guinea Pigs 
In contrast with staining data obtained from histological is 

sections, GV97 antibody localized selectively to tumor 
endothelial cells after injection into line 10 tumor-bearing 
guinea pigs (see Table XII). Staining of endothelial cells in 
the tumor was moderately strong whereas staining of normal 
endothelium in miscellaneous organs was undetectable. 20 gp tissue 

D. Anti-bFGF Selectively Bind to Tumor Endothelial Cells 
GV97 and GF82, which had been raised against guinea 

pig bFGF N-terminus, bound strongly to endothelial cells in 
frozen reactions of guinea pig line 10 tumor and to endot- 
helial ceUs in two types of human malignant tumors (Table 25 
XIII), By contrast, relatively weak staining of endothelial 
cells in miscellaneous guinea pig normal tissues was 
observed. 
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TABLE Xll-continued 



GV97 iniccted into tumor bearing GP 



GV97 10 ug/ml 



GV 97 20 
ug/ml serum 
volume 
injected 



2+ 



2-3+ 



TABLE XXII 



Anti-GP FGF Antibody Staining on GP Tissues 



GF 67 



GF 82 



DIGESTIVE SYSTEM 

LIVER 
INTESTINE 
PANCREAS 
SMALL INTESTINE 
STOMACH 

REPRODUCnVE SYSTEM 



TABLE XII 
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TISSUE 



GV97 injected into tumor bearing GP 



GV97 10 ug/ml 



GV97 20 
ug/ml seium 
volume 
injected 



TESTIS 

MUSCLE AND INTEGUMENTARY SYSTEM 

EIEAKT 

MUSCLE 

SKIN 

IMMUNE SYSTEM 



ND 
+/- 
2-3+ 
+/- 
ND 



ND 



2-3+ 
+/- 
ND 



ND 
+/- 
2+ 
+/- 
ND 



ND 



1+ 
1+ 
ND 



DIGESTIVE SYSTEM 



UVER 
INTESTINE 



PANCREAS 



SMALL INTESTINE 



STOMACH 



REPRODUCnVE SYSTEM 

TESTIS 
MUSCLE AND 
INTCGUMENTARY SYSTEM 

HEART 

MUSCLE 

SKIN 

IMMUNE SYSTEM 



2+ 
3+ 

+/- of many and 2+ in 
islands of cells 
2-3+ of many and 4+ in 
lymphoid, rest diff. 
than fVin 

1-2+ on most occasional 
3+ 



-vc 

possible 0.5- 
1+ of a few 
possible 0.5- 
1+ of a few 
+/- 



possibly 
0.5+ of 
a few 
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SPLEEN 
THYMUS 

URINARY SYSTEM 
KIDNEY 

ENDOCRINE SYSTTEM 
ADRENAL 

RESPIRATORY SYSTEM 
LUNG 

NERVOUS SYSTEM 

CEREBELLUM 
TUMORS 

LINE 1 TUMOR 
HUMAN TUMORS 

PHEOCHROMO CYTOMA 
SCHWANOMA 



1-2+ 



1-2+ 



1-2+ 



1+ 



4+ 
4+ 



2-3+ 



-1+ 



4+ 



4+ 
4+ 



SPLEEN 
THYMUS 

URINARY SYSTEM 
KIDNEY 

ENDOCRINE SYSTEM 
ADRENAL 

RESPIRATORY SYSTEM 
LUNG 



1+ in fatty layer and 
3-4+ in cellular layer 



3+ 



glomeruli 3-4+ 



possibly a 
few 1+ 
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EXAMPLE XI 

HUMAN TREATMENT PROTOCOLS 

This example is concerned with human treatment proto- 
cols using the bispecific binding and coagulating ligands of 
the invention. These ligands are contemplated for use in the 
clinical treatment of various human cancers and even other 
disorders, such as benign prostatic hyperplasia and rheuma- 
toid arthritis, in which the intermediate or longer term arrest 
of blood flow would be advantageous. 

The bispecific ligands are considered to be particularly 
useful tools in anti-tumor therapy. From the data presented 
herein, including the animal studies, and the knowledge in 
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the art regarding treatment of Lymphoma (Glennie et aL, and pelvis at 48 hours to 1 week and again at 30 days. Tissue 

1988), T-Cell targeting (Nolan & Kennedy, 1990) and drug samples should also be evaluated histologically, and/or by 

targeting (Paulus, 1985) appropriate doses and treatment flow cytometry, using biopsies from the disease sites or even 

regimens may be straightforwardly developed. blood or fluid samples if appropriate. 

Naturally, before wide-spread use, further animal studies ^ Clinical responses may be defined by acceptable measure, 
and clinical trials will be conducted. The various elements of For example, a complete response may be defined by the 
conducting a clinical trial, including patient treatment and disappearance of all measurable tumor 1 month after treat- 
monitoring, will be known to those of skill in the art in light ment. Whereas a partial response may be defined by a 50% 
of the present disclosure. The following information is being or greater reduction of the sum of the products of perpen- 
presented as a general guideline for use in establishing such dicular diameters of all evaluable tumor nodules 1 month 
trials. after treatment, with no tumor sites showing enlargement. 

It is contemplated that patients chosen for the study would Similarly, a mixed response may be defined by a reduction 
have failed to respond to at least one course of conventional the product of perpendicular diameters of all measurable 

therapy and had to have objectively measurable disease as lesions by 50% or greater 1 month after treatment, with 

determined by physical examination, laboratory techniques, progression in one or more sites. 

or radiographic procedures. Where murine monoclonal anti- All of the compositions and methods disclosed and 

body portions are employed, the patients should have no claimed herein can be made and executed without undue 

history of allergy to mouse immunoglobulin. Any chemo- experimentation in hght of the present disclosure. While the 

therapy should be stopped at least 2 weeks before entry into compositions and methods of this invention have been 

the study. described in terms of preferred embodiments, it will be 

In regard to bispecific ligand administration, it is consid- apparent to those of skill in the art that variations may be 

ered that certain advantages will be found in the use of an applied to the composition, methods and in the steps or in the 

indwelling central venous catheter with a triple lumen port. sequence of steps of the method described herein without 

The bispecific ligands should be filtered, for example, using departing from the concept, spirit and scope of the invention, 

a 0.22 fan filter, and diluted appropriately, such as with ^^^^ specificaUy, it will be apparent that certain agents 

saline, to a final volume of 100 ml. Before use, the test ^^^^^ chemically and physiologically related may 

sample should also be filtered in a similar manner, and its substituted for the agents described herein while the same 

concentration assessed before and after filtration by deter- similar results would be achieved. All such similar 

mining the A280. The expected recovery should be within the substitutes and modifications apparent to those skilled in the 

range of 87 to 99%, and adjustments for protein loss can then ^^t are deemed to be within the spirit, scope and concept of 
be accounted for. invention as defined by the appended claims. 

The bispecific ligands may be administered over a period REFERENCES 
of approximately 4-24 hours, with each patient receiving following references, to the extent that they provide 

2-4 number of mftisions at 2-7 day intervals. Administra- 35 exemplary procedural or other detaHs supplementary to 

tion can also be performed by a steady rate of infusion over those set forth herein, are specifically incorporated herein by 

a 7 day period. The mfusion given at any dose level should reference 

be dependent upon any toxicity observed. Hence, if Grade II Abbassi et al., J Clin Invest, 92(6):2719-30, 1993. 

toxicity was reached after any smgle mfusion, or at a Abraham et al, Science, 233:545-548, 1986. 

particular penod of time for a steady rate mfiision, further 40 ^brams & Oldham, Monoclonal antibody therapy of human 

doses should be withheld or the steady rate mfiision stopped ^^^^ & Morgan (Eds.), Martinus Nijhoff 

unless toxicity improved. Increasmg doses of bispecific Publishing, Boston, pp. 103-120, 1985. 

coagulatmg Hgands should be admmistered to groups of ^dams et al., Cancer Res., 43:6297, 1983. 

patients until approximately 60% of patients showed unac- Adelman et al DNA 2*183 1983 

cepuble Grade ni or IV toxicity in any category. Doses that 45 Alvarez et Modem Pathology^ 5(3):303-307, 1992. 

are V2 of this value could be defined as the safe dose. Antibodies: A Laboratory Manual, Cold Spring Harbor 

Physical examination, tumor measurements, and labora- Laboratory, 1988. 

tory tests should, of course, be perfonmed before treatment Arklie et aL, Int. /. Cancer, 28:23, 1981. 

and at intervals up to 1 month later. Laboratory tests should Ashall et al.. Lancet, 2(8288):7-10, 1982. 
include complete blood counts, serum creatinine, creatine 50 Atkinson et al.. Cancer Res., 62:6820, 1982. 

kinase, electrolytes; urea, nitrogen, SCOT, bilirubin, Ausubel et al.. Current Protocols in Molecular Biology, 
albumin, and total serum protein. Serum samples taken up to Greene Publishing Associates and Wiley Interscience, 
60 days after treatment should be evaluated by radioimmu- 1989. 

noassay for the presence of the intact bispecific ligand or Bach et al.. Biochemistry, 25, 4007-4020, 1986. 

components thereof and antibodies against any or both 55 Bauer et al., Vbx 5artg, 61:156-157, 1991. 

portions of the ligand. Immunological analyses of sera, Baxter et al., Micro. Res., 41(l):5-23, 1991. 

usinganystandardassaysuchas, forexample, anELISAor Bevilacqua et al., Proc. Natl. Acad. ScL USA, 

RIA, will allow the pharmacokinetics and clearance of the 84:9238-9242 1987. 

therapeutic agent to be evaluated. Bhagwa et aL, Nature, 316:511-513, 1985. 

To evaluate the anti-tumor responses, it is contemplated 60 Bhattacharya et al., Hybridoma, 4:153, 1985. 

that the patients should be examined at 48 hours to 1 week Bhattacharya et aL, Cancer Res., 44:4528, 1984. 

and again at 30 days after the last infusion. When palpable Bicknell and Harris, Seminars in Cancer Biology, 
disease was present, two perpendicular diameters of all 3:399^07, 1992. 

masses should be measured daily during treatment, within 1 Bikfalvi et aL, E;g?. Cell Res., 181:75-84, 1989. 
week after completion of therapy, and at 30 days. To 65 Birembaut et al., J. Pathology, 145:283-296, 1985. 

measure nonpalpable disease, serial CT scans could be Bittner et al., Methods in EnzymoL, 153:516-544, 1987. 

performed at 1-cm intervals throughout the chest, abdomen, Bjomdahl et al., Eur J. Immunol,, 19:881-887, 1989. 
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SEQUENCE LISTING 



( 1 ) GENERAL INFORM/tnON: 

( i i i ) NUMBER OF SEQUENCES: 32 

( 2 ) INFORMAnON FOR SEQ ID NO:l: 

( J ) SEQUENCE CHARACTERISmCS: 
( A ) LENGTH: 27 base paiis 
( B ) TYPE: nndcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /desc « "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GTCATGCCAT GGCCTCAGGC ACTACAA 

( 2 ) INFORMATION FOR SEQ ID NO:2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRimON: /desc » "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

TGACAACCTT ATTCTCTGAA TTCCCCCTTT CT 

( 2 ) [NFORMATION FOR SEQ ID NO:3: 

( i ) SEQUENCE CHARACTERISnCS: 
( A ) LEhfGTH: 47 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /desc » **DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

GTCATGCCAT GGCCCTGGTG CCTCGTGCTT CTGGCACTAC AAATACT 



( 2 ) INFORMATION FOR SEQ ID NO:4: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 base pairs 
( B ) TYPE; Qucieic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TVTE: other nucleic acid 

( A ) DESCRIFnON: /dcsc - "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0;4: 

GTCATGCCAT GGCCTGCTCA GGCACTACAA ATACTGTG 38 

( 2 ) INFORMAnON FOR SEQ ID N0:5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /dcsc = "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

GTCATGCCAT GGCCCTGGTG CCTCGTGGTT CTTGCGGCAC TACAAATACT 50 

( 2 ) INFORMAnON FOR SEQ ID N0:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 35 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

{ i i ) MOLECULE TYPE: othernuclcic acid 

( A ) DESCRIPTION: /dcsc = "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

TGACAAGCTT AGCATTCTCT GAATTCCCCC TTTCT 35 

( 2 ) INFORMAnON FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 base pairs 
( B ) TYPE: nncleic add 
( C ) STRANDEDNESS: single 
( D )T0P0LOGY: linear 

( i i ) MOLECULE TYPE: other nncleic acid 

( A ) DESCRIPTION: /dcsc - "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

GTCATGCCAT GGCCCTGGTG CCTCGTGGTT GCGGAGGCGG TGGATCAGGC 50 

( 2 ) INFORMAnON FOR SEQ ID N0:8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /dcsc - "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:8: 

AGTATTTGTA GTGCCTGAGG ATCCGCCACC TCCACT 36 



( 2 ) INFORMAnON FOR SEQ ID NO:9: 
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( i ) SEQUENCE CHARACTERISTrCS: 
( A ) LENGTH: 45 base pairs 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLCM3Y: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPnON: /dcsc « "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

GGAGGCGGTG GATCAGGCGG TGGAGGTAGT GGAGGTGGCG GATCC 45 



( 2 ) INFORMAnON FOR SEQ ID NO: 10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS; single 
C D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /dcsc » "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:1Q: 

GTCATGCCAT GGCCCTG 17 



< 2 ) INFORMAnON FOR SEQ ID NO: 11: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 32 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: olbernucleic acid 

( A ) DESCRIPTION: /dcsc - "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

TGACAAGCTT ATTCTCTGAA TTCCCCCTTT CT 32 



( 2 ) INFORMAnON FOR SEQ ID NO: 12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGIH: 50 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /dcsc » "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GTCATGCCAT GGCCCTGGTG CCTCGTGGTT CTTGCGGCAC TACAAATACT 50 



( 2 ) INFORMAnON FOR SEQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 53 base pairs 
< B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /desc = «DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:13: 

CGCGGATCCA CCGCCACCAG ATCCACCGCC TCCTTCTCTG AATTCCCCTT TCT 53 



( 2 ) INFORMAnON FOR SEQ ID NO:l4: 
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( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENGTH: 44 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIFnON: /desc « "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

CGCGGATCCG GCGGTGGAGG CTCTTCAGGC ACTACAAATA CTGT 44 



( 2 ) INFORMAnON FOR SEQ ID NO:15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nucleic acid 
( C ) STTRANDEDNESS: single 
( D )TOPOLOGY: linear 

( i i ) MOLECULE TYPE: othcj nucleic acid 

( A ) DESCRIPTION: /desc = "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO: IS: 

TGACAAGCTT ATTCTCTGAA TTCCCCTTTC T 3 I 



( 2 ) INFORMATION FOR SEQ ID NO:16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
{ D )TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /desc = "DNA" 

( 3C i ) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

GTCATGCCAT GGCCCTGGTG CCTCGTGGTT CTTGCGGCAC TACAAATACT 50 



( 2 ) INFORMAnON FOR SEQ ID NO:17: 

( i ) SEQXffiNCE CHARACTERISTICS: 
( A ) LENGTH: 31 base pairs 
( B ) TYPE: nucleic add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( I i ) MOLECULE TYPE' other nucleic acid 

( A ) DESCRIPTION: /desc = "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:17: 

TGACAAGCTT ATTCTCTGAA TTCCCCTTTC T 3 1 



( 2 ) INFORM/OION FOR SEQ ID NO:18: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 44 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION; /desc = "DNA" 

( X i ) SEQUENCE DESCRIPTIGN: SEQ ID NO: 18: 

GTCATGCCAT GGCCCTGGTG CCTCGTGGTT GCACTACAAA TACT 44 



( 2 ) INFORMAnON FOR SEQ ID NO: 19: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 base paira 
( B ) TYPE: nocleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic acid 

( A ) DESCRIPTION: /dcsc = "DNA" 

( X i ) SEQUENCE DESCRIPTION; SEQ ID NO:19: 

TCACAAGCTT AGCATTCTCT GAATTCCCCT TTCT 34 

( 2 ) INPORMAnON FOR SEQ ID NO:20: 

( i ) SEQUENCE CHARACTERISmCS: 
( A ) LENGTH: 19 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Imear 

( i i ) MOLECULE TYPE; other nucleic acid 

( A ) DESCRIPTION: /dcsc = "DNA" 

( X i ) SEQUENCE DESCRIPTION; SEQ ID NO:20: 

CAAGTTCAGC CAAGAAAAC 19 

( 2 ) INFORMAnON FOR SEQ ID NO:21: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other uoclcic acid 

( A ) DESCRIPTION: /dcsc « "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0;21: 

ACACTTTATT ATCGGAAATC TTCAGCTTCA GGAAAG 36 

( 2 ) INFORMAnON FOR SEQ ID NO:22: 

( i ) SEQUENCE CHARACHERISnCS; 

( A ) LENGTH: 657 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( X ! ) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

TCAGGCACTA CAAATACTGT GGCAGCATAT AATTTAACTT GGAAATCAAC TAATTTCAAG 60 

ACAATTTTGG AGTGGGAACC CAAACCCGTC AATCAAGTCT ACACTGTTCA AATAAGCACT 120 

AAGTCAGGAG ATTGGAAAAG CAAATGCTTT TACACAACAG ACACAGAGTG TGACCTCACC 180 

GACGAGATTG TGAAGGATGT GAAGCAGACG TACTTGGCAC GGGTCTTCTC CTACCCGGCA 240 

GGGAATGTGG AGAGCACCGG TTCTGCTGGG GAGCCTCTGT ATGACAACTC CCCAGAGTTC 300 

ACACCTTACC TGGAGACAAA CCTCGGACAG CCAACAATTC AGAGTTTTGA ACAGGTGGGA 360 

ACAAAAGTGA ATGTGACCGT AGAAGATGAA CGGACTTTAG TCAGAAGGAA CAACACTTTC 420 

CTAAGCCTCC GGGATGTTTT TGGCAAGGAC TTAATTTATA CACTTTATTA TTGGAAATCT 480 

TCAAGTTCAG GAAAGAAAAC AGCCAAAACA AACACTAATG AGTTTTTGAT TGATGTGGAT 540 

AAAGGAGAAA ACTACTGTTT CAGTGTTCAA GCAGTGATTC CCTCCCGAAC AGTTAACCGG 600 

AAGAGTACAG ACAGCCCGGT AGAGTGTATG GGCCAGGAGA AAGGGGAATT CAGAGAA 657 
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( 2 ) INFORM>OTON FOR SEQ ID NO:23: 

( i ) SEQUENCE CHARACTERISnCS: 

( A ) LENCTTH: 219 amino acids 
( B ) TYPE: amino acid 
( C ) STRA>rDEDNESS: 
( D ) TOPOLOGY: I'mcar 

( X i ) SEQUENCE DESCRIPTEON: SEQ ID NO:23: 

Scr Gly Thr Thr Asn Thr Val Ala Ala Tyr Asn Leu Thr Trp Lys Scr 
1 5 10 15 

Thr Asn Phe Lys Thr lie Leu Glu Trp Glu Pro Lys Pro Val Asn Gin 
2 0 2 5 3 0 

Val Tyr Thr Val Gin lie Scr Thr Lys Scr Gly Asp Trp Lys Ser Lys 
3 5 4 0 4 5 

Cys Phe Tyr Thr Thr Asp Thr Glu Cys Asp Leu Thr Asp Glu lie Val 
5 0 5 5 6 0 

Lys Asp Val Lys Gin Thr Tyr Leu Ala Arg Val Phe Ser Tyr Pro Ala 
65 70 75 80 

Gly Asn Val Glu Ser Thr Gly Ser Ala Gly Glu Pro Lea Tyr Glu Asn 
8 5 9 0 9 5 

Ser Pro Glu Phe Thr Pro Tyr Leu Glu Thr Asn Leu Gly Gin Pro Thr 
100 105 110 

lie Gin Ser Phe Glu Gin Val GlyThr Lys Val Asn Val Thr Val Glu 
115 12 0 12 5 

Asp Glu Arg Thr Leu Val Arg Arg Asn Asn Thr Phe Leu Ser Leu Arg 
130 135 140 

Asp Val Phe Gly Lys Asp Leu lie Tyr Thr Leu Tyr Tyr Trp Lys Ser 
145 150 155 160 

Ser Ser Ser Gly Lys Lys Thr Ala Lys Thr Asn Thr Asn Glu Phe Leu 
165 170 175 

lie Asp Val Asp Lys Gly Gin Asn Tyr Cys Phe Ser Val Gin Ala Val 
ISO 185 190 

Me Pro Scr Arg Thr Val Asn Arg Lys Ser Thr Asp Ser Pro Val Glu 
195 200 205 

Cys Met Gly Gin Glu Lys Gly Glu Phe Arg Glu 
2 10 2 15 

( 2 ) INFORMAnON FOR SEQ ID NO:24: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 1947 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Ibear 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

TGCAGCTGCC TGGCTGCCTG GCCCTGGCTG CCCTGTGTAG CCTTGTGCAC AGCCAGCATG 60 

TGTTCCTGGC TCCTCAGCAA GCACGGTCGC TGCTCCAGCG GGTCCGGCGA GCCAACACCT 120 

TCTTGGAGGA GGTGCGCAAG GGCAACCTAG AGCGAGAGTG CGTGGAGGAG ACGTGCAGCT 180 

ACGAGGAGGC CTTCGAGGCT CTGGAGTCCT CCACGGCTAC GGATGTGTTC TGGGCCAAGT 240 

ACACAGCTTG TGAGACAGCG AGGACGCCTC GAGATAAGCT TGCTGCATGT CTGGAAGGTA 300 

ACTGTGCTGA GGGTCTGGGT ACGAACTACC GAGGGCATGT GAACATCACC CGGTCAGGCA 360 

TTGAGTGCCA GCTATGGAGG AGTCGCTACC CACATAAGCC TGAAATCAAC TCCACTACCC 420 

ATCCTGGGGC CGACCTACAG GAGAATTTCT GCCGCAACCC CGACAGCAGC AACACGGGAC 480 

CCTGGTGCTA CACTACAGAC CCCACCGTGA GGAGGCAGGA ATGCAGCATC CCTGTCTGTG 540 
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GCCAGGATCA AGTCACTGTA GCGATGACTC CACGCTCCGA AGGCTCCAGT GTGAATCTGT 600 

CACCTCCATT GGAGCAGTGT GTCCCTGATC GGGGGCAGCA GTACCAGGGG CGCCTGGCGG 660 

TGACCACACA TGGGCTCCCC TGCCTGGCCT GGGCCAGCGC ACAGGCCAAG GCCCTGAGCA 720 

AGCACCAGGA CTTCAACTCA GCTGTGCAGC TGGTGGAGAA CTTCTGCCGC AACCCAGACG 780 

GGGATGAGGA GGGCGTGTGG TGCTATGTGG CCGGGAAGCC TGGCGACTTT GGGTACTGCG 840 

ACCTCAACTA TTGTGAGGAG GCCGTGGAGG AGGAGACAGG AGATGGGCTG GATGAGGACT 900 

CAGACAGGGC CATCGAAGGG CGTACCGCCA CAAGTGAGTA CCAGACTTTC TTCAATCCGA 960 

GGACCTTTGG CTCGGGAGAG GCAGACTGTG GCCTGCGACC TCTGTTCGAG AAGAAGTCGC 1020 

TGGAGGACAA AACCGAAAGA GAGCTCCTGG AATCCTACAT CGACGGGCGC ATTGTGGAGG 1080 

GCTCGGATGC AGAGATCGGC ATGTCACCTT GGCAGGTGAT GCTTTTCCGG AAGAGTCCCC 1140 

AGGAGCTGCT GTGTGGGGCC AGCCTCATCA GTGACCGCTG GGTCCTCACC GCCGCCCACT 1200 

GCCTCCTGTA CCCGCCCTGG GACAAGAACT TCACCGAGAA TGACCTTCTG GTGCGCATTG 1260 

GCAAGCACTC CCGCACCAGG TACGAGCGAA ACATTGAAAA GATATCCATG TTGGAAAAGA 1320 

TCTACATCCA CCCCAGGTAC AACTGGCGGG AGAACCTGGA CCGGGACATT GCCCTGATGA 1380 

AGCTGAAGAA GCCTGTTGCC TTCAGTGACT ACATTCACCC TGTGTGTCTG CCCGACAGGG 1440 

AGACGGCAGC CAGCTTGCTC CAGGCTGGAT ACAAGGGGCG GGTGACAGGC TGGGGCAACC 1500 

TGAAGGAGAC GTGGACAGCC AACGTTGGTA AGGGGCAGCC CAGTGTCCTG CAGGTGGTGA 1560 

ACCTGCCCAT TGTGGAGCGG CCGGTCTGCA AGGACTCCAC CCGGATCCGC ATCACTGACA 1620 

ACATGTTCTG TGCTGGTTAC AAGCCTGATG AAGGGAAACG AGGGGATGCC TGTGAAGGTG 1680 

ACAGTGGGGG ACCCTTTGTC ATGAAGAGCC CCTTTAACAA CCGCTGGTAT CAAATGGGCA 1740 

TCGTCTCATG GGGTGAAGGC TGTGACCGCG ATGGGAAATA TGGCTTCTAC ACACATGTGT 1800 

TCCGCCTGAA GAAGTGGATA CAGAAGGTCA TTGATCAGTT TGGAGAGTAG GGGGCCACTC 1860 

ATATTCTGGG CTCCTGGAAC CAATCCCGTG AAAGAATTAT TTTTGTGTTT CTAAAACTAT 1920 

GGTTCCCAAT AAAAGTGACT CTCAGCG 1947 

( 2 ) INFORMAnON FOR SEQ ID NO:25: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 2462 base pairs 
( B ) TYPE: nnclcic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( X i ) SEQUENCE DESCRIPTION: SEQ ED NO:25: 

TCAACAGGCA GGGGCAGCAC TGCAGAGATT TCATCATGGT CTCCCAGGCC CTCAGGCTCC 60 

TCTGCCTTCT GCTTGGGCTT CAGGGCTGCC TGGCTGCAGG CGGGGTCGCT AAGGCCTCAG 120 

GAGGAGAAAC ACGGGACATG CCGTGCAAGC CGGGGCCTCA CAGAGTCTTC GTAACCCAGG 180 

AGGAAGCCCA CGGCCTCCTG CACCGGCGCC GGCGCGCCAA CGCGTTCCTG GAGGAGCTGC 240 

GGCCGGGCTC CCTGGAGAGG GAGTGCAAGG AGGAGCAGTG CTCCTTCGAG GAGGCCCGGG 300 

AGATCTTCAA GGACGCGGAG AGGACGAAGC XGTTCTGGAT TTCTTACAGT GATGGGGACC 360 

AGTGTGCCTC AAGTCCATGC CAGAATGGGG GCTCCTGCAA GGACCAGCTC CAGTCCTATA 420 

TCTGCTTCTG CCTCCCTGCC TTCGAGGGCC GGAACTGTGA GACGCACAAG GATGACCAGC 480 

TGATCTGTGT GAACGAGAAC GGCGGCTGTG AGCAGTACTG CAGTGACCAC ACGGGCACCA 540 

AGCGCTCCTG TCGGTGCCAC GAGGGGTACT CTCTGCTGGC AGACGGGGTC TCCTGCACAC 600 



5,877,289 

127 128 

-continued 



CCACAGTTGA ATATCCATGT GGAAAAATAC CTATTCTAGA AAAAAGAAAT GCCAGCAAAC 660 

CCCAAGGCCG AATTGTGGGG GGCAAGGTGT GCCCCAAAGG GGAGTGTCCA TGGCAGGTCC 720 

TGTTGTTGGT GAATGGAGCT CAGTTGTGTG GGGGGACCCT GATCAACACC ATCTGGGTGG 780 

TCTCCGCGGC CCACTGTTTC GACAAAATCA AGAACTGGAG GAACCTGATC GCGGTGCTGG 840 

GCGAGCACGA CCTCAGCGAG CACGACGGGG ATGAGCAGAG CCGGCGGGTG GCGCAGGTCA 900 

TCATCCCCAG CACGTACGTC CCGGGCACCA CCAACCACGA CATCGCGCTG CTCCGCCTGC 960 

ACCAGCCCGT GGTCCTCACT GACCATGTGG T G C C C C T C T G . C C T G C C C G A A CGGACGTTCT 1020 

CTGAGAGGAC CCTGGCCTTC GTGCGCTTCT CATTGGTCAG CGGCTGGGGC CAGCTGCTGG 1080 

ACCGTGGCGC CACGGCCCTG GAGCTCATGG TGCTCAACGT GCCCCGGCTG ATGACCCAGG 1140 

ACTGCCTGCA GCAGTCACGG AAGGTGGCAG ACTCCCCAAA TATCACGGAG TACATGTTCT 1200 

GTGCCGGCTA CTCGGATGGC AGCAAGGACT CCTGCAAGGG GGACAGTGGA GGCCCACATG 1260 

CCACCCACTA CCGGGGCACG TGGTACCTGA CGGGCATCGT CAGCTGGGGC CAGGGCTGCG 1320 

CAACCGTGGG CCACTTTGGG GTGTACACCA GGGTCTCCCA GTACATCGAG TGGCTGCAAA 1380 

AGCTCATGCG CTCAGAGCCA CGCCCAGGAG TCCTCCTGCG AGCCCCATTT CCCTAGCCCA 1440 

GCAGCCCTGG CCTGTGGAGA GAAAGCCAAG GCTGCGTCGA ACTGTCCTGG CACCAAATCC 1500 

CATATATTCT TCTGCAGTTA ATGGGGTAGA GGAGGGCATG GGAGGGAGGG AGAGGTGGGG 1560 

AGGGAGACAG AGACAGAAAC AGAGAGAGAC AGAGACAGAG AGAGACTGAG GGAGAGACTC 1620 

TGAGGACATG GAGAGAGACT CAAAGAGACT CCAAGATTCA AAGAGACTAA TAGAGACACA 1680 

GAGATGGAAT AGAAAAGATG AGAGGCAGAG GCAGACAGGC GCTGGACAGA GGGGCAGGGG 1740 

AGTGCCAAGG TTGTCCTGGA GGCAGACAGC CCAGCTGAGC CTCCTTACCT CCCTTCAGCC 1800 

AAGCCCCACC TGCACGTGAT CTGCTGGCCC TCAGGCTGCT GCTCTGCCTT CATTGCTGGA 1860 

GACAGTAGAG GCATGAACAC ACATGGATGC ACACACACAC ACGCCAATGC ACACACACAG 1920 

AGATATGCAC ACACACGGAT GCACACACAG ATGGTCACAC AGAGATACGC AAACACACCG 1980 

ATGCACACGC ACATAGAGAT ATGCACACAC AGATGCACAC ACAGATATAC ACATGGATGC 2040 

ACGCACATGC CAATGCACGC ACACATCAGT GCACACGGAT GCACAGAGAT ATGCACACAC 2 100 

CGATGTGCGC ACACACAGAT ATGCACACAC ATGGATGAGC ACACACACAC CAAGTGCGCA 2 160 

CACACACCGA TGTACACACA CAGATGCACA CACAGATGCA CACACACCGA TGCTGACTCC 2220 

ATGTGTGCTG TCCTCTGAAG GCGGTTGTTT AGCTCTCACT TTTCTGGTTC TTATCCATTA 2280 

TCATCTTCAC TTCAGACAAT TCAGAAGCAT CACCATGCAT GGTGGCGAAT GCCCCCAAAC 2340 

TCTCCCCCAA ATGTATTTCT CCCTTCGCTG GGTGCCGGGC TGCACAGACT ATTCCCCACC 2400 

TGCTTCCCAG CTTCACAATA AACGGCTGCG TCTCCTCCGC ACACCTGTGG TGCCTGCCAC 2460 

CC 2 4 6 2 

( 2 ) INFORMAnON FOR SEQ ID NO:26: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 1437 base pairs 
( B ) TYVE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( X i ) SEQUENCE DESCRUTTON: SEQ ID NO:26: 

ATGCAGCGCG TGAACATGAT CATGGCAGAA TCACCAAGCC TCATCACCAT CTGCCTTTTA 60 

GGATATCTAC TCAGTGCTGA ATGTACAGTT TTTCTTGATC ATGAAAACGC CAACAAAATT 120 

CTGAATCGGC CAAAGAGGTA TAATTCAGGT AAATTGGAAG AGTTTGTTCA AGGGAACCTT 180 
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GAGAGAGAAT GTATGGAAGA AAAGTGTAGT TTTGAAGAAC CACGAGAAGT TTTTGAAAAC 240 

ACTGAAAAGA CAACTGAATT TTGGAAGCAG TATGTTGATG GAGATCAGTG TGAGTCCAA.T 300 

CCATGTTTAA ATGGCGGCAG TTGCAAGGAT GACATTAATT CCTATGAATG TTGGTGTCCG 360 

TTTGGATTTG AAGGAAAGAA CTGTGAATTA GATCTAACAT GTAACATTAA GAATGGCAGA 420 

TGCGAGCAGT TTTGTAAAAA TAGTGCTGAT AACAAGGTGG TTTGCTCCTG TACTGAGGGA 480 

TATCGACTTG CAGAAAACCA GAAGTCCTGT GAACCAGCAG TGCCATTTCC ATGTGGAAGA 5 40 

GTTTCTGTTT CACAAACTTC TAAGCTCACC CGTGCTGAGG CTGTTTTTCC TGATGTGGAC 600 

TATGTAAATC CTACTGAAGC TGAAACCATT TTGGATAACA TCACTCAAGG CACCCAATCA 660 

TTTAATGACT TCACTCGGGT TGTTGGTGGA GAAGATGCCA AACCAGGTCA ATTCCCTTGG 720 

CAGGTTGTTT TGAATGGTAA AGTTGATGCA TTCTGTGGAG GCTCTATCGT TAATGAAAAA 780 

TGGATTGTAA CTGCTGCCCA CTGTGTTGAA ACTGGTGTTA AAATTACAGT TGTCGCAGGT 840 

GAACATAATA TTGAGGAGAC AGAACATACA GAGCAAAAGC GAAATGTGAT TCGAGCAATT 900 

ATTCCTCACC ACAACTACAA TGCAGCTATT AATAAGTACA ACCATGACAT TGCCCTTCTG 960 

GAACTGGACG AACCCTTAGT GCTAAACAGC TACGTTACAC CTATTTGCAT TGCTGACAAG 1020 

GAATACACGA ACATCTTCCT CAAATTTGGA TCTGGCTATG TAAGTGGCTG GGCAAGAGTC 1080 

TTCCACAAAG GGAGATCAGC TTTAGTTCTT CAGTACCTTA GAGTTCCACT TGTTGACCGA 1140 

GCCACATGTC TTCGATCTAC AAAGTTCACC ATCTATAACA ACATGTTCTG TGCTGGCTTC 1200 

CATGAAGGAG GTAGAGATTC ATGTCAAGGA GATAGTGGGG GACCCCATGT TACTGAAGTG 1260 

CAAGGGACCA GTTTCTTAAC TGGAATTATT AGCTGGGGTG AAGAGTGTGC AATGAAAGGC 1320 

AAATATGGAA TATATACCAA GGTATCCCGG TATGTCAACT GGATTAAGGA AAAAACAAAG 13 80 

CTCACTTAAT GAAAGATGGA TTTCCAAGGT TAATTCATTG GAATTGAAAA TTAACAG 1437 

( 2 ) INFORMAnON FOR SEQ ID NO:27: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH; U26 base paire 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D )TOPOLOGY: linear 

( X i ) SEQUENCE DESCRimON: SEQ ID NO:27: 

GGATTCGAAG GCAAAAACTG TGAATTATTC ACACGGAAGC TCTGCAGCCT GGACAACGGG 60 

GACTGTGACC ^ AGTTCTGCCA CGAGGAACAG AACTCTGTGG TGTGCTCCTG CGCCCGCGGG 120 

TACACCCTGG CTGACAACGG CAAGGCCTGC ATTCCCACAG GGCCCTACCC CTGTGGGAAA 180 

CAGACCCTGG AACGCAGGAA GAGGTCAGTG GCCCAGGCCA CCAGCAGCAG CGGGGAGGCC 240 

CCTGACAGCA TCACATGGAA GCCATATGAT GCAGCCGACC TGGACCCCAC CGAGAACCCC 300 

TTCCACCTGC TTGACTTCAA CCAGACGCAG CCTGAGAGGG GCGACAACAA CCTCACCAGG 360 

ATCGTGGGAG GCCAGGAATG CAAGGACGGG GAGTGTCCCT GGCAGGCCCT GCTCATCAAT 420 

GAGGAAAACG AGGGTTTCTG TGGTGGAACC ATTCTGAGCG AGTTCTACAT CCTAACGGCA 480 

GCCCACTGTC TCTACCAAGC CAAGAGATTC GAACGGGACC GGAACACGGA GCAGGAGGAG 540 

GGCGGTGAGG CGGTGCACGA GGTGGAGGTG GTCATCAAGC ACAACCGGTT CACAAAGGAG 600 

ACCTATGACT TCGACATCGC CGTGCTCCGG CTCAAGACCC CCATCACCTT CCGCATGAAC 660 

GTGGCGCCTG CCTGCCTCCC CGAGCGTGAC TGGGCCGAGT CCACGCTGAT GACGCAGAAG 720 

ACGGGGATTG TGAGCGGCTT CGGGCGCACC CACGAGAAGG GCCGGCAGTC CACCAGGCTC 780 
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AAGATGCTGG AGGTGCCCTA CGTGGACCGC AACAGCTGCA AGCTGTCCAG CAGCTTCATC 840 

ATCACCCAGA ACATGTTCTG TGCCGGCTAC GACACCAAGC AGGAGGATGC CTGCCAGGGG 900 

GACAGCGGGG GCCCGCACGT CACCCGCTTC AAGGACACCT ACTTCGTGAC AGGCATCGTC 960 

AGCTGGGGAG AGGGCTGTGC CCGTAAGGGG AAGTACGGGA TCTACACCAA GGTCACCGCC 1020 

TTCCTCAAGT GGATCGACAG GTCCATGAAA ACCAGGGGCT TGCCCAAGGC CAAGAGCCAT 1080 

GCCCCGGAGG TCATAACGTC CTCTCCATTA AAGTGAGATC CCACTC 1126 

( 2 ) INFORMAnON FOR SEQ ID NO:28: 

( i ) SEQUENCE CHARACIIERISTICS: 
( A ) LENGTH; 45 base pairs 
( B ) TYPE: nudeic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nucleic add 

( A ) DESCRIPnON: /dcsc « "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID N0:28: 

GAAGAAGGGA TCCTGGTGCC TCGTGGTTCT GGCACTACAA ATACT 45 

( 2 ) INFORMAnON FOR SEQ ID NO:29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENCrra: 30 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: other nodcic acid 

( A ) DESCRIPTION: /dcsc = "DNA" 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

CTGGCCTCAA GCTTAACGGA ATTCACCTTT 30 

( 2 ) INFORMAnON FOR SEQ ID NO:30: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( 1 i ) MOLECULE TYPE: pepUdc 

( I i ) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

Ala Pro Met Ala Glu Gly Gin Gin Lys Pro Arg Glu Val Val Lys Phe 
1 5 10 15 . 

Mel Asp Val Tyr Lys Arg Scr Tyr Cys 
2 0 2 5 

( 2 ) INFORMAnON FOR SEQ ID N0:31: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 26 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( X i ) SEQUENCE DESCRIPTION: SEQ W N0:31: 

Ala Pro Met Ala Glu Gly Gly Gly Gin Asn His His Glu Val Val Lys 
1 5 10 15 



Phe Met Asp Val Tyr Gin Arg Ser Tyr Cys 
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( 2 ) D^FORMAnON FOR SEQ ID NO:32: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D )TOPOLOGY: linear 

( i i ) MOLECULE TYPE: peptide 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

Met Ala Ala Gly Ser lie Thr Thr Leu Pro Ala Leu Pro Glu Gly Gly 
1 5 10 15 

Asp Gly Gly Ala Phe Ala Pro Gly Cys 
2 0 2 5 



What is claimed is: 

1. A binding ligand comprising: 

(a) a first binding region that binds to a tumor cell, a 
component of tumor-associated vasculature or a com- 
ponent of tumor-associated stroma; the first binding 
region operatively linked to 

(b) a Tissue Factor construct or a second binding region 
that binds to a Tissue Factor construct, wherein said 
second binding region comprises an antibody or an 
antigen binding region of an antibody. 

2. The binding ligand of claim 1, wherein said Tissue 
Factor construct comprises a mutant Tissue Factor deficient 
in the ability to activate Factor VIL 

3. The binding ligand of claim 2, wherein said Tissue 
Factor construct includes a mutation in the amino acid 
region between about position 157 and about position 167. 

4. The binding ligand of claim 3, wherein, within said 
Tissue Factor construct, Trp at position 158 is changed to 
Arg; wherein Ser at position 162 is changed to Ala; wherein 
Gly at position 164 is changed to Ala; or wherein Trp at 
position 158 is changed to Arg and Ser at position 162 is 
changed to Ala. 

5. The binding ligand of claim 1, wherein said Tissue 
Factor construct comprises a truncated Tissue Factor. 

6: The binding ligand of claim 5, wherein said truncated 
Tissue Factor comprises amino acids 1 to about 219 of the 
mature Tissue Factor protein. 

7. The binding ligand of claim 5, wherein said truncated 
Tissue Factor has the amino acid sequence of SEQ ID 
NO:23. 

8. The binding ligand of claim 1, wherein said Tissue 
Factor construct comprises a first Tissue Factor or truncated 
Tissue Factor construct operatively linked to a second Tissue 
Factor or truncated Tissue Factor construct. 

9. The binding ligand of claim 8, wherein said Tissue 
Factor construct comprises two truncated Tissue Factors. 

10. The binding ligand of claim 9, wherein said Tissue 
Factor construct comprises three truncated Tissue Factors. 

11. The binding ligand of claim 10, wherein said Tissue 
Factor construct comprises five truncated Tissue Factors. 

12. The binding ligand of claim 8, wherein said Tissue 
Factor construct comprises a first and second Tissue Factor 
construct operatively linked via a disulfide, thioether or 
peptide bond. 

13. The binding ligand of claim 1, wherein said Tissue 
Factor construct comprises a Tissue Factor construct with a 
hydrophobic membrane insertion moiety, and wherein said 



Tissue Factor construct is linked to said first binding region 
via a biologically-releasable bond. 

14. The binding ligand of claim 1, comprising a first 
binding region operatively linked to said Tissue Factor 
construct. 

15. The binding ligand of claim 14, wherein said first 
binding region is linked to said Tissue Factor construct via 
a biologically-releasable bond. 

16. The binding ligand of claim 15, wherein said first 
binding region is inked via a biologically-releasable bond to 
a Tissue Factor construct that comprises a hydrophobic 
membrane insertion moiety. 

17. The binding ligand of claim 16, wherein said Tissue 
Factor construct comprises a truncated Tissue Factor that 
includes a hydrophobic membrane insertion moiety com- 
prising a stretch of between about 3 and about 20 hydro- 
phobic amino acids. 

18. The binding ligand of claim 17, wherein said hydro- 
phobic membrane insertion moiety comprises a stretch of 
hydrophobic amino acids located at the N- or C-terminus of 
the truncated Tissue Factor. 

19. The binding ligand of claim 16, wherein said Tissue 
Factor construct comprises a truncated Tissue Factor that 
includes a hydrophobic membrane insertion moiety com- 
prising a fatty acid. 

20. The binding ligand of claim 16, wherein said Tissue 
Factor construct comprises two truncated Tissue Factors, 
each of which includes a hydrophobic membrane insertion 
moiety. 

21. The binding ligand of claim 15, wherein said first 
binding region is linked to said Tissue Factor construct via 
a selective ly-cleavable peptide bond. 

22. The binding ligand of claim 21, wherein said first 
binding region is linked to said Tissue Factor construct via 
a peptide linker that includes a cleavage site for urokinase, 
plasmin. Thrombin, Factor IXa, Factor Xa or a metallopro- 
teinase. 

23. The binding ligand of claim 22, wherein said first 
binding region is linked to said Tissue Factor construct via 
a peptide linker that includes a cleavage site for an intersti- 
tial collagenase, a gelatinase or a stromelysin. 

24. The binding ligand of claim 1, comprising a first 
binding region operatively linked to a second binding region 
that binds to said Tissue Factor construct, said second 
binding region comprising an antibody or an antigen binding 
region of an antibody. 

25. The binding ligand of claim 24, wherein said first 
binding region is an antibody or an antigen binding region 
of an antibody. 
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26. The binding ligand of claim 24, wherein said second 
binding region comprises an IgG antibody or an IgM anti- 
body. 

21. The binding ligand of claim 24, wherein said second 
binding region comprises an scFv, Fv, Fab', Fab or F(ab')2 
fragment of an antibody, 

28. The binding ligand of claim 24, further comprising a 
Tissue Factor construct bound to said second antibody or 
antigen binding region of an antibody. 

29. The binding ligand of claim 1, wherein said first 
binding region comprises an antibody or an antigen binding 
region of an antibody. 

30. The binding ligand of claim 25, wherein said first 
binding region comprises an IgG antibody or an IgM anti- 
body. 

31. The binding ligand of claim 29, wherein said first 
binding region comprises an scFv, Fv, Fab', Fab or F(ab')2 
fragment of an antibody. 

32. The binding ligand of claim 29, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to the tumor cell surface antigen 
plSS™^, milk mucin core protein, TAG-72, Lewis a, 
carcinoembryonic antigen (CEA) or a tumor-associated anti- 
gen that binds to an antibody selected from the group 
consisting of B3 (ATCCHB 10573), KSl/4 (NRRLB/18536 
and NRRLB/18537), 260F9 (ArCCHB8488) and D612 
(ArCCHB9796), 

33. The binding ligand of claim 29, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to a surface -expressed, surface- 
accessible or surface -localized component of intratumoral 
blood vessels of a vascularized tumor. 

34. The binding ligand of claim 33, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to a tumor vasculature cell surface 
receptor, 

35. The binding ligand of claim 34, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to an MHC Qass II protein, a VEGF/ 
VPF receptor, an FGF receptor, a TGFp receptor, a TIE, 
VCAM-1, ICAM-1, P-selectin, E-selectin, a^Pg integrin, 
pleiotropin, endosialin or endoglin. 

36. The binding ligand of claim 35, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to an MHC Class II protein. 

37. The binding ligand of claim 35, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to a VEGFA^F receptor, 

38. The binding ligand of claim 35, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to VCAM-1. 

39. The binding ligand of claim 35, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to ICAM-1. 

40. The binding ligand of claim 35, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to P-selectin. 

41. The binding ligand of claim 35, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to E-selectin. 

42. The binding ligand of claim 35, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to endoglin. 

43. The binding ligand of claim 42, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to the same epitope as the monoclonal 
antibody TEC-4 (ATCC HB 12312). 
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44. The binding ligand of claim 43, wherein said first 
binding region comprises an antigen binding region of the 
monoclonal antibody TEC-4 (ATCC HB 12312). 

45. The binding ligand of claim 42, wherein said first 
5 binding region comprises an antigen binding region of an 

antibody that binds to the same epitope as the monoclonal 
antibody TEC-11 (ATCC HB-12311), 

46. The binding ligand of claim 45, wherein said first 
binding region comprises an antigen binding region of the 
monoclonal antibody TEC-11 (ATCC HB-12311). 

47. Hie binding ligand of claim 33, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to a ligand or growth factor that binds to 
a tumor vasculature cell surface receptor. 

48. The binding ligand of claim 47, wherein said first 
15 binding region comprises an antigen binding region of an 

antibody that binds to VEGFA^F, FGF, TGFp, a ligand that 
binds to a TIE, a tumor-associated fibronectin isoform, 
scatter factor, hepatocyte growth factor (HGF), platelet 
factor 4 (PF4), PDGF or TIMP. 
20 49. The binding ligand of claim 48, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to VEGFA^F. 

50. The binding ligand of claim 49, wherein said first 
binding region comprises an antigen binding region of an 

25 antibody that binds to the same epitope as the monoclonal 
antibody GV39 (ATCC HB 12450), 

51. The binding ligand of claim 50, wherein said first 
binding region comprises an antigen binding region of the 
monoclonal antibody GV39 (ATCC HB 12450). 

30 52. The binding ligand of claim 49, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to the same epitope as the monoclonal 
antibody GV97 (ATCC HB 12451). 

53. The binding ligand of claim 52, wherein said first 
35 binding region comprises an antigen binding region of the 

monoclonal antibody GV97 (ATCC HB 12451). 

54, The binding ligand of claim 48, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to FGF. 

40 55. The binding ligand of claim 48, wherein said first 
binding region comprises an antigen binding region of an 
antibody that binds to TGFp. 

56. The binding ligand of claim 33, wherein said first 
binding region comprises an antigen binding region of an 

45 antibody that binds to a ligand: receptor complex or a growth 
factor receptor complex, but does not bind to the ligand or 
growth factor or to the receptor when the ligand or growth 
factor or the receptor is not in the ligand: receptor complex. 

57. The binding ligand of claim 29, wherein said first 
50 binding region comprises an antigen binding region of an 

antibody that binds to a basement membrane component, 
tenasdn, an activated platelet or an antigen inducible on a 
basement membrane component or activated platelet. 

58. The binding ligand of claim 33, wherein said first 
55 binding region is operatively linked to a second antibody or 

antigen binding region thereof that binds to a Tissue Factor 
construct. 

59. The binding ligand of claim 1, wherein said first 
binding region comprises a ligand or receptor that binds to 

60 a tumor cell, a component of tumor vasculature or a com- 
ponent of tumor stroma. 

60. The binding ligand of claim 59, wherein said first 
binding region comprises VEGFA^F, FGF, TGFp, a ligand 
that binds to a TIE, a tiunor-associated fibronectin isoform, 

65 scatter factor, hepatocyte growth factor (HGF), platelet 
factor 4 (PF4), PDGF, TIMP or a soluble binding domain of 
a VEGFATF receptor. 
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61. The binding ligand of claim 60, wherein said first 
binding region comprises VEGFA^F. 

62. The binding ligand of claim 1, comprising a first 
antibody or antigen binding region of an antibody that binds 
to a tumor cell, a component of tumor-associated vasculature 
or a component of tumor-associated stroma; the first binding 
region operatively linked to a second antibody or antigen 
binding region of an antibody that binds to a Tissue Factor 
construct. 

63. The binding ligand of claim 1, wherein said first 
binding region is operatively linked to said Tissue Factor 
construct or said second binding region via a covalent bond. 

64. The binding ligand of claim 10, wherein said first 
binding region is operatively linked to said Tissue Factor 
construct or said second binding region via a cross-linker. 

65. The binding ligand of claim 10, wherein said binding 
ligand is a fusion protein prepared by expressing a recom- 
binant vector in a host cell, wherein the vector comprises, in 
the same reading frame, a DNA segment encoding said first 
binding region operatively linked to a DNA segment encod- 
ing said Tissue Factor construct or said second binding 
region. 

66. The binding ligand of claim 1, dispersed in a phar- 
macologically acceptable medium. 

67. A binding ligand comprising a first antibody or antigen 
binding region of an antibody that binds to a tumor cell, a 
component of tumor-associated vasculature or a component 
of tumor-associated stroma; the first binding region opera- 
tively linked to a Tissue Factor construct. 

68. Abinding ligand comprising a first antibody or antigen 
binding region of an antibody that binds to a tumor cell, a 
component of tumor-associated vasculature or a component 
of tumor-associated stroma; the first binding region opera- 
tively linked to a second antibody or antigen binding region 
of an antibody that binds to a Tissue Factor construct. 

69. A bispecific antibody comprising: 

(a) a first antibody or antigen binding region of an 
antibody that binds to a tumor cell, a component of 
tumor-associated vasculature or a component of tumor- 
associated stroma; the first antibody or antigen binding 
region operatively linked to 

(b) a second antibody or antigen binding region of an 
antibody that binds to a Tissue Factor construct. 

70. Abinding ligand comprising a first binding region that 
binds to a surface-expressed, surface-accessible or surface- 
localized marker of intratumoral blood vessels of a vascu- 
larized tumor, the first binding region operatively linked to 
a Tissue Factor construct or to an antibody, or antigen 
binding region thereof, that binds to a Tissue Factor con- 
struct. 

71. A binding ligand comprising a first antibody, or 
antigen binding region thereof, that binds to a surface- 
expressed surface-accessible or surface-localized marker of 
intratumoral blood vessels of a vascularized tumor, the first 
antibody or antigen binding region operatively linked to a 
Tissue Factor construct or to a second antibody, or antigen 
binding region thereof, that binds to a Tissue Factor con- 
struct. 

72. The binding ligand of claim 71; wherein said first 
antibody, or antigen binding region thereof, is linked to a 
Tissue Factor construct. 

73. The binding ligand of claim 71, wherein said first 
antibody, or antigen binding region thereof, is linked to a 
second antibody, or antigen binding region thereof, that 
binds to a Tissue Factor construct. 

74. A Tissue Factor construct comprising an operatively 
linked first, second and third Tissue Factor construct or 
truncated Tissue Factor construct. 
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75. The Tissue Factor construct of claim 74, comprising 
about five operatively linked Tissue Factor or truncated 
Tissue Factor constructs. 

76. The Tissue Factor construct of claim 75, comprising 
5 about ten operatively linked Tissue Factor or truncated 

Tissue Factor constructs. 

77. The Tissue Factor construct of claim 76, comprising 
about twenty operatively linked Tissue Factor or truncated 
Tissue Factor constructs. 

78. The Tissue Factor construct of claim 74, comprising 
at least one truncated Tissue Factor. 

79. The Tissue Factor construct of claim 78, wherein said 
truncated Tissue Factor comprises amino acids 1 to about 

j5 219 of the mature Tissue Factor protein. 

80. The Tissue Factor construct of claim 78, wherein said 
truncated Tissue Factor has the amino acid sequence of SEQ 
ID NO:23. 

81. The Tissue Factor construct of claim 78, comprising 
20 a truncated Tissue Factor that includes a hydrophobic mem- 
brane insertion moiety. 

82. The Tissue Factor construct of claim 81, comprising 
a truncated Tissue Factor that includes a stretch of between 
about 3 and about 20 hydrophobic amino acids, 

25 83. The Tissue Factor construct of claim 82, comprising 
a truncated Tissue Factor that includes a stretch of hydro- 
phobic amino acids located at the N- or C-terminus of the 
truncated Tissue Factor. 

84. The Tissue Factor construct of claim 81, comprising 
30 a truncated Tissue Factor that includes a fatty acid. 

85. The Tissue Factor construct of claim 81, comprising 
two truncated Tissue Factors, each of which includes a 
hydrophobic membrane insertion moiety. 

86. The Tissue Factor construct of claim 78, comprising 
35 a truncated Tissue Factor modified to contain a terminal 

cysteine residue. 

87. The Tissue Factor construct of claim 86, comprising 
two truncated Tissue Factors, each of which is modified to 
contain a terminal cysteine residue, 

40 88. The Tissue Factor construct of claim 86, further 
comprising an antibody or an antigen binding region of an 
antibody operatively linked to said cysteine residue, 

89, TTie Tissue Factor construct of claim 78, comprising 
a truncated Tissue Factor modified to contain a selectively 

45 cleavable peptide linker. 

90. The Tissue Factor construct of claim 89, wherein said 
selectively cleavable peptide linker includes a cleavage site 
for urokinase, plasmin. Thrombin, Factor IXa, Factor Xa or 
a metalloproteinase. 

50 91. The Tissue Factor construct of claim 90, wherein said 
selectively cleavable peptide linker includes a cleavage site 
for an interstitial coUagenase, a gelatinase or a stromelysin. 

92. The Tissue Factor construct of claim 89, further 
comprising an antibody or an antigen binding region of an 

55 antibody operatively linked to said selectively cleavable 
peptide linker. 

93. The Tissue Factor construct of claim 67, comprising 
an operatively linked series of units in the sequence: a 
cysteine residue, a selectively cleavable peptide linker, a 

60 stretch of hydrophobic amino acids, a first truncated Tissue 
Factor, a second truncated Tissue Factor, and a third trun- 
cated Tissue Factor, 

94. The Tissue Factor construct of claim 93, further 
comprising an antibody or an antigen binding region of an 

65 antibody operatively linked to said cysteine residue. 

95. The Tissue Factor construct of claim 93, comprising 
an operatively linked series of units in the sequence: a 
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cysteine residue, a selectively cleavable peptide linker, a first 
stretch of hydrophobic amino acids, a first truncated Tissue 
Factor, a second truncated Tissue Factor, a third truncated 
Tissue Factor and a second stretch of hydrophobic amino 
acids. 

96. The Tissue Factor construct of claim 95, comprising 
an operatively linked series of units in the sequence: a first 
cysteine residue, a selectively cleavable peptide linker, a first 
stretch of hydrophobic amino acids, a first truncated Tissue 
Factor, a second truncated Tissue Factor, a third truncated 
Tissue Factor, a second stretch of hydrophobic amino acids 
and a second cysteine residue or a second a selectively 
cleavable peptide linker. 

97, The Tissue Factor construct of claim 96, comprising 
an aritibody or an antigen binding region of an antibody 
operatively linked to said first or second cysteine residue. 
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98. A Tissue Factor construct comprising a first Tissue 
Factor or truncated Tissue Factor construct operatively 
linked to a second Tissue Factor or truncated Tissue Factor 
construct wherein at least one of said Tissue Factor or 
truncated Tissue Factor constructs is a mutant Tissue Factor 
deficient in the ability to activate Factor VII- 

99. The Tissue Factor construct of claim 98, comprising 
a Tissue Factor that includes a mutation in the amino acid 
region between about position 157 and about position 167. 

100. The Tissue Factor construct of claim 99, comprising 
a mutant Tissue Factor wherein Trp at position 158 is 
changed to Arg; wherein Ser at position 162 is changed to 
Ala; wherein Gly at position 164 is changed to Ala; or 
wherein Trp at position 158 is changed to Arg and Ser at 
position 162 is changed to Ala. 
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[57] ABSTRACT 

A liposome composition which contains between 1-20 
mole percent of an amphipathic lipid derivatized with a 
polyalkylether, as exemplified by phpsphatidylelhanol- 
amine derivatized with polyethyleneglycol. The deriva- 
tized lipid enchances the circulation time of the lipo- 
somes severalfold, and this enhancement is achieved 
with either fluid or membrane-rigidifying liposome 
components. AJso disclosed are methods for delivering 
a drug for slow release from the bloodstream, and for 
targeting a selected tissue or cells with liposomes, via 
the bloodstream. 
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Szoka, R, Jr.. et al. (1980) Ann. Rev. Biophys. Bio- 

LIPOSOMES WITH ENHANCED CIRCULATION eng. 9:467. 

TIME Woodruff, J. J., et al. (1969) J. Exp. Med. 129:551. 

1. FIELD OF THE INVENTION 5 3. BACKGROUND OF THE INVENTION 

^ . . , , Liposome delivery systems have been proposed for a 

The present mvention relates to liposome therapeutic ^^^^ ^ ^ ^.^ ^j^^ ^^^^^ 

compositions, and. more particularly, to hposome com- ^^^^ liposomes have the potential of providing a 
positions which have enhanced circulation time when conti-oUed "depot" release of a liposome^ntrapped 

administered mti^venously. jq ^^^^ ^ extended time period, and of reducing 

2. REFERENCES ^^^^ ^^^^ effects of the drug, by limiting the concentra- 
tion of free drug in the bloodstream. Liposome/drug 

Allen, T. M., (1981) Biochem. Biophys. Acta 640. compositions can also increase the convenience of ther- 

385397. apy by allowing higher drug dosage and less frequent 

Allen, T. M., and Everest, J. (1983) J. Pharmacol. 15 ^jj-yg administration. Liposome drug delivery systems 

Exp. Therap. 226. 539-544. are reviewed generally in Poznansky et al. 

Altura, B. M. (1980) Adv. Microcirc. 9, 252-294. One Umitation of intravenous liposome drug delivery 

Alving, C, R. (1984) Biochem. Soc. Trans. 12. which has been recognized for many years is the rapid 

342344. uptake of blood-circulating liposomes by the 

Ashwell, G., and Morell, A. G. (1974) Adv. Enzy- 20 mononuclear phagocytic system (MPS), also referred to 

mology 41, 99-128. as the reticuloendothelial system (RES). This system, 

Czop, J. K. (1978) Proc. Natl. Acad. Sci. USA which consists of the circulating macrophages and the 

75:3831, fixed macrophages of the liver (Kupffef cells), spleen, 

Durocher, J. P., et al. (1975) Blood 45:11. lungs, and bone marrow, removes foreign particulate 

Ellens, H., et al. (1981) Biochim. Biophys. Acta 674. 25 matter, including liposomes, from blood circulation 

10-18, with a half life on the order of minutes (Saba). Lipo- 

Gabizon, A, et al., J. Liposome Research 1:123 somes, one of the most extensively investigated particu- 

(1988), late drug carriers, are removed from circulation primar- 

Gregoriadis, G., and Ryman, B. E. (1972) Eur. J. ily by Kupffer cells of the liver and to a lesser extent by 

Biochem. 24, 485-491. ^ other macrophage populations. 

Grcgoriadis. G., and Neerunjun, D. (1974) Eur. J. A variety of studies on factors which effect liposome 

BiochemJ 47 179-185, uptake by the RES have been reported. Early experi- 

Gregoriadls, G., and Senior, J. (1980) FEES Lett. "^ents, using heterogeneous preparations of multilamel- 

119 43-46 liposomes (MLV) containing, phosphatidylcholine 

Greenberg, J. R, et al (1979) Blood 53:916. ^5 (PQ and cholesterol (CH) as their principal lipid con- 

Hakomori, S. (1981) Ann. Rev. Biochem. 50, stitiients demonstrated that these liposomes are rapidly 

733 764 removed from cu-culation by uptake into hver and 

Hwang. K. J., et al. (1980) Proc. Natl. Acad. Sci. ^Pjf^" ^ f ^^^"^ process with an initial rapid upt^e 

USA 77 4030 followed by a slow phase of uptake (Gregonadis, 1974; 

Jonah! M. M.. et al. (1975) Biochem. Biophys. Acu ^ J""^,' "72:-Juliano). Half-time for re- 

401 ^361348 *' moval of MLV from circulation was on the order of 

jiiliano. R.' L., and Stamp, D. (1975) Biochem. Bio- f."^^ ^^^T"^ intravenous (IV) injection. Nega- 

juii^iw, rv. oiiu ^jMuiij^, vi''-'/ x^^wiAwixi. i^iw tivcly chargcd liposomes are removed more rapidly 

phys. Res. Commun 63 651-658^^ from circulation than neutral or positively charged 

Karlsson, K. A. (1982) In: Biological Membranes, y ^^^s. Small unilamellar liposomes (SUV) are 

Vol. 4, D. Chapman (ed,) Academic Press, N.Y.. pp. ^j^^^^ ^^^^ half-lives approximately three-to four-fold 

J- II. « XT 1 ^,n,^ ^ o slower than MLV (Juliano; Allen, 1983). Uptake of 

Kmielberg, H. K., ct al. (1976) Cancer Res. 36, liposomes by liver and spleen occurs at sinular rates in 

2949-2957. , _ _ , «^,,„o«v several species, including mouse, rat, monkey, and 

Lee, K. C, et al., J. Immunology 125:86 (1980). ^^^^ (Grcgoriadis, 1974; Jonah; Kimelberg, 1976; 

Lopez-Berestein, G.. et al. (1984) Cancer Res. 44, j^^^^. Richardson; Lopez-Berestein). 

375-378. Liposomes which are capable of evading the RES 

Okada, N. (1982) Nature 299:261. ^^ui^j have two important benefits. One is the increased 

. Poznansky, M. J., and Juliano, R. L. (1984) Phar- liposome circulation time m the blood, which would 

macol. Rev. 36. 277-336. 55 both increase the pharmacokinetic benefits of slow drug 

Richardson, V. J., et al. (1979) Br. J. Cancer 40, 3543. release in the bloodstream, and also provide greater 

Saba, T. M. (1970) Arch. Intern. Med, 126. opportunity for tissue targeting where the liver, spleen, 

1031-1052. and lungs are not involved. The second benefit is de- 

Schaver, R. (1982) Adv. Carbohydrate Chem, Bio- creased liposome loading of the RES, In addition to the 

chem, 40:131. 60 role of the RES in removing foreign particles, the RES 

Scherphof, T., ct al. (1978) Biochim, Biophys. Acta is involved in several other functions, including host 

542, 296-307, defense against pathogenic microorganisms, parasites. 

Senior, J., and Grcgoriadis, G. (1982) FEBS Lett and tumor cells, host responses to endotoxins and hem- 

145, 109-114, orrhagic shock, drug response, and responses to circu- 

Senior, J., ct al. (1985) Biochim. Biophys. Acta 839, 65 lating iinmune complexes (Saba, Altura). It is important, 

1-8. therefore, in liposome administration via the blood- 

Szoka, F., Jr., et al. (1978) Proc. Natl, Acad. Sci. stream, to avoid compromising the RES seriously, by 

USA 75:4194. massive short-term or accumulated liposome uptake. 
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One approach which has been proposed is to increase 
liposome circulation time by increasing liposome stabil- 
ity in serum. This approach is based on studies which 
have shown that factors which decrease leakage of 
liposome contents in plasma also decrease the rate of 5 
uptake of liposomes by the RES (Allen, 1983; Gregoria- 
dis. 1980; Allen, 1981; Senior, 1982). One factor contrib- 
uting to this effect appears to be bilayer rigidity, which 
renders the liposomes more resistant to the destabilizing 
effects of serum components, in particular high density 10 
lipoproteins (Allen, 1981; ScherphoO- Thus, mclusion 
of cholesterol in the liposomal bilayer can reduce the 
rate of uptake by the RES (Gregpriadis, 1980; Hwang; 
Senior, 1985), and solid liposomes such as those com- 
posed of distearoylphosphatidylcholine (DSPC) or con- 
taining large amounts of sphingomyelin (SM) show 
decreased rate and extent of uptake into liver (Allen, 
1983; Ellens; Senior, 1982; Hwang). However, this ap- 
proach appears to have a limited potential for increasing 
liposome circulation times in the bloodstream. 

Efforts designed to enhance liposome circulation 
time, by modifying the liposome outer surface to mimic 
that of the red blood cell, have also been reported. The 
role of cell surface carbohydrates in cellular recognition 
phenomena is widely appreciated (Ashwell, Hakomori, 
Karlsson). The chemistry, metabolism, and biological 
functions of sialic acid have been reviewed (Schauer). 
Surface sialic acid, which is carried by gangliosides, and 
glycoproteins such as glycophorin, plays an important 
role m the survival of erythrocytes, thrombocytes, and 
lymphocytes in circulation. Enzymatic removal of sialic 
acid, which exposes terminal galactose residues, results 
in rapid removal of erythrocytes from circulation, and 
uptake into Kiipffer cells of the liver (Durocher). De- 35 
sialylation of thrombocytes (Greenberg) and lympho- 
cytes (WoodrufO also results in their rapid removal by 
the liver. 

Although desialylated erythrocytes will bind to 
Kupffer cells or peritoneal macrophages in vitro in the ^ 
absence of senun, serum must be added in order for 
significant phagocytosis to occur. The nature of the 
serum components mediating endocytosis is specula- 
tive, but immunoglobin[globulin?] and complement 
(C3b) are thought to be involved. Czop et ai. (Czop) 45 
have shown that sheep erythrocytes, which are not 
normally phagocytosed by human monocytes, will bind 
C3b and be phagocytosed upon desialylation. Okada et 
aL (Okada) have demonstrated that sialyglycolipids on 
liposome membranes restrict activation of the altema- 50 
tive complement pathway and that removal of the ter- 
minal sialic acid from the glycolipids abolishes this 
restricting capacity and results in activation of the alter- 
native complement pathway. Sialic acid, therefore, may 
be functioning as a nonrecognition molecule on cell 55 
membranes partly through its ability to prevent binding 
of C3b, thus preventing phagocytosis via the alternative 
complement pathway. Other immune factors may also 
be involved in liposome phagocytosis. Alving has re- 
ported that 50% of the test sera from individual humans 60 
contain naturally occturing *'anti-liposome" antibodies 
which mediated complement-dependent immune dam- 
age to liposomes. 

The observations reported above suggest that surface 
sialic acid, and/or other red-cell surface agents, incor- 65 
porated into liposomes, for example, in the form of 
gangiioside or glycophorin, may lead to increased cir- 
culation half-lives of liposomes. This approach is pro- 



posed, for example, in U.S. Pat No, 4,501.728 for 
"Masking of Liposomes from RES Recognition." 

Co-owned U.S. Pat. No. 4,837,028 discloses a lipo- 
some composition which shows significantly enhanced 
circulation half-life, as measured by blood/RES ratios 2 
hours after intravenous administration. Two factors 
were required for achieving high blood/RES ratios. 
The first was the presence of the specific gangiioside 
GMi, which produced blood/RES ratios significantly 
greater than those seen with a variety of other glyco- 
sides and/or negatively charged lipids which were ex- 
amined. Secondly, high blood/RES ratios were only 
observed in the liposomes composed predominantly of 
membrane-ngidifying lipids, such as sphingomyelin or 
phospholipids with saturated acyl chains. 

The results reported in the above-cited patent suggest 
that a combination of specific surface molecules, such as 
GMi, and rigid membrane Upid components, may be 
required for achieving effective liposome evasion of the 
RES. However, it is not known from these studies 
whether other surface molecules would be effective in 
enhancing liposome blood circulation times, and, if so, 
whether such molecules would be practical for use in 
liposomes designed for intravenous injection in humans. 
Further, the requirement for membrane-ngidifying 
membrane components may present limitations in lipo- 
some formulation methods, and also limit the ability to 
control the rate of drug release from circulating lipo- 
somes, by varying the "fluidity" of the lipids making up 
the liposomes. * 

4. SUMMARY OF THE INVENTION 

One general object of the invention is to provide a 
liposome composition characterized by enhanced circu- 
lation time in the bloodstream. 

Another object of the invention is to provide such a 
composition in liposomes composed of either fluid or 
rigid vesicle-forming lipids. 

Still another object of the invention is to provide a 
method which utilizes the liposome composition to 
deliver drugs to a target tissue accessible via the blood- 
stream. 

The invention includes, in one aspect, a liposome 
composition for administering a drug via the blood- 
stream. The composition includes liposomes containing 
the drug in liposome-entrapped form, and between 1-20 
mole percent of an amphipathic lipid derivatized with a 
polyalkylether. One preferred amphipathic lipid is a 
phospholipid, such as phosphatidylethanolamine, 
derivatized with polyethyleneglycol. TTie liposomes in 
the composition preferably have a selected average size 
in the size range between about 0.05 and 0.5 microns. 

The vesicle-forming lipids making up the liposomes 
may be predominantly rigid lipid components, such as 
sphingomyelin, or fluid lipids, such as phospholipids 
with predominantly unsaturated acyl chains. 

In one embodiment, the polyalkylether is derivatized 
to the amphipathic lipid through an esterase- or pepti- 
dase-sensitive liiikage. The rate of clearance of the lipo- 
somes from the bloodstream can then be modulated 
according to the rate of release of polyalkylesther 
groups from the liposome surface. 

In another embodiment, the liposomes are formulated 
to contain surface-bound ligand molecules which are 
effective to bind specifically and with high affinity to 
ligand-binding molecules carried on the surface of spe- 
cific target tissue or cells. 
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In another aspect, the invention includes a method of sonies containing different amounts of phosphatidyl 

enhancing the blood-circulation time of liposomes ad* glycerol; and 

ministered intravenously. The enhanced circulation FIG. 7 is a plot similar to that of FIG. 6, showing 

time is achieved by adding to the liposomes, in an retention time in liposomes composed of predominantly 

amount between about 1-20 mole percent, an am- 5 unsaturated phospholipid components, 

phipathic Upid derivatized with a polyalkylether. The DETAILED DESCRIPTION OF THE 

method is preferably effective to enhance the rvrtrcvmriM ncCTMrrroMc 

blood/RES ratio. 24 hours after intravenous administra- INVENTION DEFINITIONS 

tion, by up to tenfold or more over that observed with As used herein, the term: 

the same liposomes in the absence of the derivatized ^0 "Polyalkylether" refers to polyethyleneglycol and 

amphipathic lipid, related homopolymers, such as polymethylethyleneg- 

In still another aspect, the invention includes a lycol, polyhydroxypropyleneglycol, polypropyleneg- 

method of administering a drug mtravcnously, for de- lycol, polymethylpropyleneglycol, and polyhydroxy- 

layed drug release into the bloodstream. A suspension propyleneoxide, and to heteropolymers of small alkoxy 

of liposomes containing the drug in liposome-entrapped monomers, such as a polyethetylene/polypropyleneg- 

form, and between about 1-20 mole percent of an am- lycol, such polymers having a molecular weight of at 

phipathic lipid derivatized with a polyalkylether, is least about 120 daltons. and up to about 20,000 daltons. 

administered parenterally, in an amount of the suspen- "Amphipathic lipid" refers to any lipid having an 

sion containing a pharmacologically acceptable amount amphipathic hydrophobic group, typically including 

of the drug. two acyl hydrocarbon chains or a steroid group by 

Also included in the invention is a method for deliv- which the lipid can be anchored in the outer lipid layer 

ering a drug selectively to a target tissue or cell type of a lipid bilayer, and a polar group which contains a 

characterized by surface-bound tissue-specific Hgand- reactive chamical group, such as an amine, acid, ester, 

binding molecules. A suspension of liposomes contain- aldehyde, or alcohol group by which the lipid can be 

ing a surface-bound ligand effective to bind specifically derivatized to a polyalkylether. 

and with high affinity to said ligand-binding molecule, "Amphipathic lipid derivatized with a polyalk- 

and between 1-20 mole percent of an amphipathic lipid ylether" and "polyalkylether lipids'* refers to an am- 

derivatized with a polyalkylether is administered paren- phipathic lipid which is covalently joined, at its polar 

terally. The target tissue may be a disease-related tissue, group, to a polyalkylether. 

such as a solid tumor^ or a circulating cell type, such as PREPARATION OF POLYALKYLETHER 

a vuTJS-mfected blood cell havmg virus-specific surface TPTn<; 
antigens. 

A related aspect of the invention embraces a method FIG. 1 shows a general reaction scheme for forming 

of enhancing the uptake, by the reticuloendothelial 35 polyalkyl ethers. The polyalkyether which is employed, 

system, of cells carrying surface-specific ligand-binding such as the polyethyleneglycol (PEG) molecule shown, 

molecules which are characteristic of a disease state. is preferably capped by a methoxy, ethoxy or other 

The method is based on ligand-specific binding of lipo- unreactive group at one end. The polymer is activated 

somes containing between 1-20 mole percent of an at its other end by reaction with a suitable activating 

amphipathic lipid derivatized with a polyalkylether, ^ agent, such as cyanuric acid, carbonyl diimadozle, an- 

and a surface-boimd ligand to the ligand-binding mole- hydride reagent, or the like, as described below. The 

cules on the cells. activated compound is then reacted with a suitable 

These and other objects and features of the invention amphipathic lipid, such as the phosphatidylethanolam- 

will become more fully apparent when the following ine (PE) shown, to produce the derivatized lipid. Alter- 

detailed description of the invention is read in conjunc- 45 natively, the lipid group may be activated for reaction 

tion with the accompanying drawings. with the polyalkylether, or the two groups may be 

^ryrr^r^ T^r-o^n tt«^*^vt ^,r^ ^« A«r»*T^« jolucd ui a conccrtcd couplittg Tcaction, according to 

BRIEF DESCRIPTION OF THE DRAWINGS known coupling metiiods. 

FIG. 1 illustrates a general reaction scheme for The polyalkylether, such as polyethyleneglycol or 

derivatizing an amphipathic lipid amine with a polyalk- 50 polyprdpyleneglycol, or the methoxy- or ethoxy- 

ylether; capped analogs, can be obtained commercially in a 

FIG. 2 is a reaction scheme for preparing phosphati- variety of polymer sizes, e.g., 120-20,000 dalton molec- 

dylcthanolamine (PE) derivatized with polyethyleneg- ular weights. Alternatively, the homo- or heteropo- 

lycol via a cyanuric chloride linking agent; lymer can be formed by known polymer sysnthesis 

FIG. 3 illustrates a reaction scheme for preparing 55 methods to achieve a desired monomeric composition 

phosphatidylethanolamine (PE) derivatized with polye- and size. One preferred polyalkylether is PEG having a 

thyleneglycol by means of a carbonyl diimidazole acti- molecular weight between about 1,000 and 5,000 

vating reagent; daltons. 

FIG. 4 illustrates a reaction scheme for preparing The amphipathic lipid is preferably a vesicle-forming 

phosphatidylethanolamine (PE) derivatized with polye- 60 lipid having two - hydrocarbon chains, typically acyl 

thyleneglycol by means of a trifluoromethane sulfonate chains, and a polar head group. Included in this class are 

reagent; the phospholipids, such as phosphatidylcholine (PC), 

FIG. 5 illustrates an amphipathic lipid derivatized PE, phosphatidic acid (PA), phosphatidylinositoi (PI), 

with polyethyleneglycol through a peptide (A), ester and sphingomyelin (SM), where the two hydrocarbon 

(B), and disulfide (C) linkage; 65 chains are typically between about 14-22 carbon atoms 

FIG. 6 is a plot of liposome retention time on the in length, and have varying degrees of unsaturation. 

blood, expressed in terms of percent injected dose as a Also included in this class are the glycolipids, such as 

function of hours after IV injection, for PEG-PE lipo- cerebroside and gangliosides. 
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Another amphipathic lipid which may be employed is 
cholesterol and related sterols. In general, cholesterol 
may be less tightly anchored to a lipid bilayer mem- 
brane, particularly when derivatized with a high molec- 
ular weight polyalkylether, and therefore be less effec- 5 
tive in promoting liposome evasion of the RES in the 
bloodstream. Similarly, single-chain lipids, such as long- 
chain fatty acids, may be derivatized with a polyalk- 
ylether, but provide less effective anchoring to the bi- 
layer membrane than a lipid having two or more hydro- 10 
carbon chains. 

According to one important feature of the invention, 
the amphipathic lipid may be a relatively fluid lipid, 
typically meaning that the lipid phase has a relatively 
low lipid melting temperature, e.g., at or below room 15 
temperature, or relatively rigid lipid, meaning that the 
lipid has a relatively high melting temperature, e.g., up 
to 50* C. As a rule, the more rigid, i.e., saturated lipids, 
contribute to greater membrane rigidity in a lipid bi- 
layer structure and also contribute to greater bilayer 20 
stability in serum. Other lipid components, such as cho- 
lesterol, are also known to contribute to membrane 
rigidity and stability in lipid bilayer structures. Phos- 
pholipids whose acyl chains have a variety of degrees of 
saturation can be obtained conunercially, or prepared 25 
according to known methods. 

FIG. 2 shows a reaction scheme for producing a 
PE-PEG lipid in which the PEG is derivatized to PE 
through a cyanuric chloride group. Details of the reac- 
tion are provided in Example 1. Briefly, methoxy- 30 
capped PEG is activated with cyanuric chloride in the 
presence in sodium carbonate under conditions which 
produced the activated PEG compound shown at the 
top in the figure. This material is purified to remove 
unreacted cyanuric acid. The activated PEG compound 35 
is reacted with PE in the presence of triethyl amine to 
produce the desired PE-PEG compound shown at the 
bottom in the figure. The yield is about 8-10% with 
respect to initial quantities of PEG. 

The method just described may be applied to a vari- 40 
ety of lipid amines, including PE, cholesteryl amine, 
and glycolipids with sugar-amine groups. 

A second method of coupling a polyalkylether, such 
as capped PEG to a lipid amine is illustrated in FIG. 3. 
Here the capped PEG is activated with a carbonyl 45 
diimidazole coupling reagent, to form the activated 
imidazole compound shown at the center in FIG. 3. 
Reaction with a lipid amine, such as PE, leads to PEG 
coupling to the lipid through a carbamate linkage, as 
illustrated in the PEG-PE compound shown at the 50 
bottom in the figure. Details of the reaction are given m 
Example 2. 

A third reaction method for coupling a capped po- 
lyalkylether to a lipid amine is shown in FIG. 4. Here a 
polyalkylether, as exemplified by PEG is first protected 55 
at its free OH. The end-protection reaction is shown at 
the top in the figure, and involves the reaction of trime- 
thylsilylchloride with PEG in the presence of triethyl- 
amine. The protected PEG is then reacted with the 
anhydride of trifluoromethyl sulfonate to form PEG 60 
activated with trifluoromethyl sulfonate. Reaction of 
the activated compound with a lipid amine, such as PE, 
in the presence of triethylamine, gives the desired 
derivatized lipid product, such as the PEG-PE com- 
pound, in which the lipid amine group is coupled to the 65 
polyether through the terminal methylene carbon in the 
polyether polymer. The trimethylsilyl protective group 
can be released by acid treatment, as indicated at the 
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lower left in the figure, or by reaction with a quaternary 
amine fluoride salt, such as the fluoride salt of tet- 
rabutylamine. 

It will be appreciated that a variety of known cou- 
pling reactions, m addition to those just described, are 
suitable for preparing polyalkyletheramine lipid deriva- 
tives for use in the liposome composition of the inven- 
tion. For example, the sulfonate anhydride coupling 
reagent illustrated in FIG. 4 can be used to join an 
activated polyalkylether to the hydroxyl group of an 
amphipathic lipid, such as the 5'OH of cholesterol. 
Other reactive lipid groups, such as an acid or ester lipid 
group may also be used for coupling, according to 
known coupling methods. For example, the acid group 
of phosphatidic acid can be activated to form an active 
lipid anhydride, by reaction with a suitable anhydride, 
such as acetic anhydride, and the reactive lipid can then 
be joined to a protected polyalkylamine, e.g., by reac- 
tion in the presence of an isothiocyanate reagent 

In another embodiment, the derivatized lipid compo- 
nents are prepared to include a labile lipid-polymer 
linkage, such as a peptide, ester, or disulfide linkage, 
which can be cleaved under selective physiological 
conditions, such as in the presence of peptidase or ester- 
ase enzyme present in the bloodstream. FIG. 5 shows 
exemplary lipids which are linked through (A) peptide, 
(B), ester, and (Q, disulfide containing linkages. The 
peptide-linked compound can be prepared, for example, 
by first coupling a polyalkylether with the N-terminal 
amine of the tripeptide shown, e.g., via the reaction 
shown in FIG. 3. Tlie peptide carboxyl group can then 
be coupled to a lipid amine group through a carbodiim- 
ide coupling reagent conventionally. The ester linked 
compound can be prepared, for example, by coupling a 
lipid acid, such as phosphatidic acid, to the terminal 
alcohol group of a polyalkylether, using alcohol via an 
anhydride coupling agent Alternatively, a short linkage 
fragment containing an internal ester bond and suitable 
end groups, such as primary amine groups, can be used 
to couple the polyalkylether to the amphipathic lipid 
through amide or carbamate linkages. Similarly, the 
linkage fragment may contain an internal disulfide link- 
age, for use in forming the compound shown at C in 
FIG. 5. 

II. PREPARATION OF LIPOSOME 
COMPOSITION 

The liposome composition of the invention is de- 
signed for use in delivering a drug via the bloodstream, 
i.e., via a parenteral route in which the liposomes are 
accessible to clearance mechanisms involving the retic- 
uloendothelial system (RES). Section IIA below de- 
scribes the general procedure employed for determin- 
ing liposome clearance times from the bloodstream, and 
Section IIB, lipid component parameters which effect 
blood retention times, in accordance with the invention, 
and procedures for producing the liposome composition 
of the invention, 
A. Measuring liposome uptake by the RES in vivo 
One method used for evaluating liposome circulation 
time in vivo measures the distribution of intravenously 
injected liposomes in the bloodstream and the primary 
organs of the RES at selected times after injection. In 
the standardized model which is used, RES uptake is 
measured by the ratio of total liposomes in the blood- 
stream to total liposomes in the liver and spleen, the 
principal organs of the RES. In practice, age and sex 
matched mice are injected intravenously (IV) through 
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the tail vein with a radiolabeled liposome comp>osition, 
and each time point is determined by measuring total 
blood and combined liver and spleen radiolabel counts. 
Experimental methods are detailed in Example 5. 

Since the liver and spleen account for nearly 100% of 5 
the mitial uptake of liposomes by the RES, the 
blood/RES ratio just described provides a good ap- 
proximation of the extent of uptake from the blood to 
the RES in vivo. For example, a ratio of about 1 or 
greater indicates a predominance of injected liposomes 10 
remaining in the bloodstream, and a ratio below about 1, 
a predominance of liposomes in the RES. For most of 
the lipid compositions of interest, blood/RES ratios 
were determined at selected intervals intervals of be- 
tween 15 minutes and 24 hours. A related method IS 
which is also used herein measures blood circulation 
lifetime, as determined from the decrease in percent 
dose in the bloodstream over time. 

The data obtained with the model animal system can 
be reasonably extrapolated to humans and veterinary 20 
animals of interest This is because, as mentioned above, 
uptake of liposomes by liver and spleen has been found 
to occur at similar rates in several mammalian species, 
including mouse, rat monkey, and human (Gregoriadis, 
1974; Jonah; Kimelberg, 1976; Juliano; Richardson; 25 
Lopez-Berestein). This result likely reflects the fact that 
the biochemical factors which appear to be most impor- 
tant in Uposome uptake by the RES— including opsini- 
zation by serum lipoproteins, size-dependent uptake 
effects, and cell shielding by surface moieties — are com- 30 
mon features of all mammalian species which have been 
examined. 

B. Lipid Components 

The lipid components used in forming the liposomes 
of the invention may be selected from a variety of vesi- 35 
cle-forming lipids, typically including phospholipids 
and sterols. According to one important aspect of the 
invention, it has been discovered that the lipids making 
up the bulk of the vesicle-forming lipids in the lipo- 
somes may be either fluidic lipids, e.g., phospholipids 40 
whose acyl chains are relatively unsaturated, or more 
rigidifying membrane lipids, such as highly saturated 
phospholipids. This feature of the invention is seen in 
Example 6, which examines blood/RES ratios in lipo- 
somes formed with PEG-PE, cholesterol, and PC hav- 45 
ing varying degrees of saturation. As seen from the data 
in Table 4 in Example 6, high blood/RES ratios were 
achieved in substantially all of the liposome formula- 
tions, independent of the extent of lipid unsaturation in 
the bulk PC phospholipid, and no systematic trend, as a 50 
function of degree of lipid saturation, was observed. 

Accordingly, the vesicle-forming lipids may be se- 
lected to achieve a selected degree of fluidity or rigid- 
ity, to control the stability of the liposomes in serum and 
the rate of release of entrapped drug from the liposomes 55 
in the bloodstream. The vesicle-forming lipids may also 
be selected, in lipid saturation characteristics, to achieve 
desired liposome preparation properties. It is generally 
the case, for.example, that more fluidic lipids are easier 
to formulate and size by extrusion than more rigid lipid 60 
components, and can be readily formulated in sizes 
down to 0.05 microns. 

Similarly, it has been found that the percentage of 
cholesterol in the liposomes may be varied over a wide 
range without significant effect on observed blood cir- 65 
culation lifetime. The studies presented in Example 7A 
show virtually no change in blood circulation lifetime in 
the range of cholesterol between 0-30 mole percent 



It has also been found, in accordance with the inven- 
tion that blood circulation lifetime is also relatively 
unaffected by the percentage of charged lipid compo- 
nents, such as phosphatidylglycerol (PG). This can be 
seen from FIG. 6, which plots percent loss of encapsu- 
lated marker for PEG-PE liposomes containing either 
4.7 mole percent PG (triangles) or 14 mole percent PG 
(circles). Virtually no difference in liposome retention 
in the bloodstream over a 24 hour period was observed. 
It is noted here that the PEG-PE lipid is itself nega- 
tively charged and thus the PG represents additional 
negative charge on the liposome surface. 

Thus, according to one feature of the invention, total 
liposome charge may be varied to modulate liposome 
stability, to achieve desired interactions with or binding 
to drugs. The concentration of charged lipid may be 
about percent or higher. 

As an example, in preparing liposomes containing 
entrapped doxorubicin or epirubicin, additional 
charged lipid components may be added to increase the 
amount of entrapped drug, in a lipid-film hydration 
method of forming liposomes. 

The polyalkylether lipid employed in the liposome 
composition is present in an amount preferably between 
about 1-20 mole percent, on the basis of moles of 
derivatized lipid as a percentage of toal total moles of 
vesicle-forming lipids. As noted above, the polyalk- 
ylether moiety of the lipid preferably has a molecular 
weight between about 120-20,000 daltons, arid more 
preferably between about 1,000-5,000 daltons. Example 
7B, which examines the effect of very short ethoxy 
ether moieties (120 daltons) on blood circulation hfe- 
time ratios indicates that polyether moieties of at least 
about 5 carbon atoms are required to achieve signiflcant 
enhancement of blood/RES ratios. 

C. Preparing the Liposome Composition 

The liposomes may be prepared by a variety of tech- 
niques, such as those detailed in Szoka et al, 1980. One 
preferred method for preparing drug-containing lipo- 
somes is the reverse phase evaporation method de^ 
scribed by Szoka et al and in U.S. Pat. No. 4,235,871. In 
this method, a solution of liposome-forming lipids is 
mixed with a smaller volume of an aqueous medium, 
and the mixture is dispersed to form a water-in-oil emul- 
sion, preferably using pyrogen-free components. The 
drug or other pharmaceutical agent to be delivered is 
added either to the lipid solution, in the case of a lipo- 
philic drug, or to the aqueous medium, in the case of a 
water-soluble drug. 

After removing the lipid solvent by evaporation, the 
resultmg gel is converted to liposomes, with an encap- 
sulation efliciency, for a water-soluble drug, of up to 
50%. The reverse phase evaporation vesicles (REVs) 
have typical average sizes between about 2-4 microns 
and are predominantly oligolamellar, that is, contain 
one or a few lipid bilayer shells. Hie REVs may be 
readily sized, as discussed below, by extnision to give 
oligolamellar vesicles having a maximum selected size 
preferably between about 0.05 to 0.5 microns. 

To form MLV's, a mixture of liposome-forming lipids 
of the type detailed above dissolved in a suitable solvent 
is evaporated in a vessel to form a thin film, which is 
then covered by an aqueous medium. The lipid film 
hydrates to form MLVs, typically with sizes between 
about O.l to 10 microns. These vesicles, when unsized, 
show relatively poor blood/RES ratios, as seen in Table 
9, for the unextruded MLV composition. Typically, 
MLVs are sized down to a desired size range of 0.5 or 
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less, and preferably between about 0.05 and 0.2 microns 
by extrusion. 

One effective sizing method for REVs and MLVs 
involves extruding an aqueous suspension of the lipo- 
somes through a polycarbonate membrane having a 5 
selected uniform pore size, typically 0.05, 0.08, 0.1, 0,2, 
or 0.4 microns (Szoka). The pore size of the membrane 
corresponds roughly to the largest sizes of liposomes 
produced by extrusion through that membrane, particu- 
larly where the preparation is extruded two or more 10 
times through the same membrane. This method of 
liposome sizing is used in preparing homogeneous-size 
REV and MLV compositions described in Examples 
4A and 4B below. A more recent method involves 
extrusion through an asymmetric ceramic filter. The 15 
method is detailed in U.S. patent application for Lipo- 
some Extrusion Method, Ser. No. 829,710, filed Feb. 13, 
1986. 

Alternatively, the REV or MLV preparations can be 
treated to produce small unilamellar vesicles (SUVs) 20 
which are characterized by sizes in the 0.04-0.08 mi- 
cron range. SUVs may be useful, for example, in target- 
ing a tumor tissue which permits selective passage of 
small particles, typically than about 0.1 micron, through 
the capillary wdls supplying the tumor. As noted 25 
above, SUVs may be formed readily from fluid vesicle- 
forming lipids. 

After fmal sizing, the liposomes can be treated, if 
necessary, to remove free (non-entrapped) drug. Con- 
ventional separation techniques, such as centrifugation, 30 
diafiltration, and molecular-sieve chromatography are 
suitable. The composition can be sterilized by filtration 
through a conventional 0.45 micron depth filter. 

in. UTILITY 35 

The significantly increased circulation half life of 
liposomes constructed as above can be exploited in 
several types of therapeutic applications. In one applica- 
tion, the liposome composition is designed for sustained 
release of a liposome-associated drug into the blood- 40 
stream by long-life circulating liposomes. As seen 
above, liposomes constructed according to the inven- 
tion can be mzdntained predominantly in the blood- 
stream up to 24 hours, and therefore sustained released 
of the drug at physiologically effective levels for up to 45 
about 1 day or more can be achieved. As noted above, 
the liposomes can be prepared from vesicle-forming 
lipids having a wide range of rigidifying properties, to 
achieve selected liposome stability and drug release 
rates from the liposomes in the bloodstream. 50 

A variety of drugs or other pharmacologically active 
agents are suitable for delivery by the liposome compo- 
sition. One general class of drugs include water-soluble, 
liposome-permeable compounds which are character- 
ized by a tendency to partition preferentially into the 55 
aqueous compartments of the liposome suspension, and 
to equilibrate, over time, between the inner liposomal 
spaces and outer bulk phase of the suspension. Repre- 
sentative drugs in this class include terbutaline, al- 
buterol, atropine methyl nitrate, cromolyn sodium, pro- 60 
pranalol, flunoisolide, ibuprofm, gentamycin, tobermy- 
cih, pentamidine, penicillin, theophylline, bleomycin, 
etoposide, captoprel, n-acetyl cysteine, verapamil, vita- 
mins, and radio-opaque and particle-emitter agents, 
such as chelated metals. Because of the tendency of 65 
these agents to equilibrate with the aqueous composi- 
tion of the medium, it is preferred to store the liposome 
composition in lyophilized form, with rehydration 
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shortly before administration. Alternatively, the com- 
position may be prepared in concentrated form, and 
diluted shortly before administration. The latter ap- 
proach is detailed in U.S. patent application for "Lipo- 
some Concentrate and Method", Ser. No. 860,528, filed 
May 7, 1986, 

A second general class of drugs are those which are 
water-soluble, but liposome-impermeable. For the most 
part, these are peptide or protein molecules, such as 
peptide hormones, enzymes, enzyme inhibitors, 
apolipoproteins, and higher molecular weight carbohy- 
drates characterized by long-term stability of encapsula- 
tion. Representative compoimds in this class include 
calcitonin, atriopeptin, a-1 antitrypsin (protease inhibi- 
tor), interferon, oxytocin, vasopressin, insulin, interleu- 
kin-2, superoxide dismutase, tissue plasminogen activa- 
tor (TPA), plasma factor 8, epidermal growth factor, 
timior necrosis factor, lung surfactant protein, inter- 
feron, lipocortin, a-interferon, macrophage colony 
stimulating factor, and erythropoietin. 

A third class of drugs are lipophilic molecules which 
tend to partition into the lipid bilayer phase of the lipo- 
somes, and which are therefore associated with the 
liposomes predominantly in a membrane-entrapped 
form. The drugs in this class are defined by an oil/water 
partition coefficient, as measured in a standard oil/wa- 
ter mixture such as octanol/water, of greater than 1 and 
preferably greater than about 5. Representative drugs 
include prostaglandins, amphotericin B, progesterone, 
isosorbide dinitrate, testosterone, nitroglycerin, estra- 
diol, doxorubicin, epirubicin, beclomethasone and es- 
ters, vitamin E, cortisone, dexamethasone and esters, 
and betamethasone valerete. 

For sustained drug-release via the bloodstream, the 
liposome composition is administered intravenously in 
an amount which provides a suitable drug dosage over 
the expected delivery time, typically 12-24 hours. The 
injection may be given as a single bolus or slowly by L v. 
drip, to allow gradual dispersal of the liposomes from 
the site of injection. 

In another application, the liposome composition is 
designed for targeting to a specific target tissue or or- 
gan. The extended lifetime of the liposomes in the 
bloodstream makes it possible for a significant fraction 
of the injected liposomes to reach the target site before 
being removed from the bloodstream by the REIS. For 
example, this feature allows for targeting a tumor tissue, 
for drug treatment by intravenous administration to a 
timior-bearing subject For targeting to a tumor site, the 
liposomes may be prepared as SUVs, for extravisation 
into the tumor site through capillaries supplying the 
tumor. 

As another example, the liposomes may be prepared 
with surface-bound ligand molecules, such as antibodis, 
which are effective to bind specifically and with high 
affinity to ligand-binding molecules, such as antigens, 
which are localized specifically on target cells. As an 
example, the ligand molecules may be tumor-specific 
antibodies, for binding to tumor-specific antigens on 
tumor cells. As another example, the ligand may be a 
CD4 peptide, effective to bind specifically to HIV- 
infected T cells. 

A variety of methods for coupling ligands to the 
surface of liposomes are known, including incorpora- 
tion of ligand-derivatized lipid components into lipo- 
somes or coupling of ligands to activated liposome sur- 
face components. 
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The targeted liposomes may be prepared to include was added and the mixture was stirred overnight at 
cancer cheraotherapeutic agents, such as those listed room temperature. The solution was filtered, and 600 
above. In one preferred embodiment, the liposomes are ml of petroleum ether (boiling range, 35*'-60'*) was 
prepared to include PEG-PE and PG, to a final concen- added slowly with stirring. The finely divided precipi- 
tration of charged lipids up to 40 mole percent, dox- 5 ate was collected on a filter and redissolved in 400 ml of 
orubicin, and remainder neutral phospholipids or neu- benzene. The precipitation and filtration process was 
tral phosphoHpids and cholesterol. repeated several times untU the petroleum ether was 

In a Uposome composition which is useful for radio- fj.^^ residual cyanuric chloride as determined by high 
imaging of solid tumor regions, the liposomes are pre- pressure Uquid chromatography on a column (250x3.2 
pared with encapsulated radio-opaque or particle-emis- lo ^f 5-m "LiChrosorb" (E. Merck), developed with 
«on metal, typicaUy m a chelated form which substan- ^^^^^^^ ^ ultraviolet detector. Titra- 

^y prevents permeation through the liposome bi- nctxvztcd PEG-1900 with sUver nitrate after 

fe' still another application, the Uposome composition ^^^^^^^^^ in aqueous buffer at pH 10.0 room 

is designed to enhance upUOce of circulating Sus or 15 ^mperature gav^ 

other blood-borne particles, such as bacteria, virus- , . - , , - ^ .t. -rr 

infected blood cells and the like. Here the long-Hfe TLC analysis of the product was effected with TLC 
liposomes are prepared to include surface-bound Hgand reversed-phase plates obtained from Baker using me- 
molecules, as above, which bind specificaUy and with thanol-water, 4:1; v/v, as developer and exposure to 
high affinity to the selected blood-borne cells. Once 20 ^^^^ ^^^^ visualization. Under these conditions, 
bound to the blood-bome particles, the liposomes can the starting methoxy polyglycol 1900 appeared at 
enhance uptake by the RES, R/=0.54 to 0.60» The activated PEG appeared at 

Polyalkylether moieties on the liposomes may be R/^0.41. Unreacted cyanuric chloride appeared at 
derivatized the associated anphipathic lipid by an ester, R/^0.88 and was removed. 

peptide, or disulfide bond which can be cleaved, after 25 The activated PEG was analyzed for nitrogen and an 
liposome binding, to the target cell, to further enhance appropriate correction was applied in selecting the 
RES particle clearance. quantity of reactant to use in further synthetic steps. 

Studies performed in support of the present invention Thus, when the product contained only 20% of the 
indicate that the liposome composition of the invention theoretical amount of nitrogen, the quantity of material 
provides an enhancement in blood circulation lifetime 30 used in the next synthetic step was increased by lCX)/20, 
which is equal, and in some cases superior, to the most or 5-fold. When the product contained 50% of the theo- 
effective RES-evadmg rigid-lipid liposomes which r^tical amount of nitrogen, only 100/50 or a 2-fold in- 
havc been reported heretofore, including liposomes crease was needed. 

containing GMj, and membrane-rigidifying lipids. g Preparation of N-(4-Chloro-polyglycol 1900)- 

The blood circulation lifetimes achieved m the pres- 35 i,3,5.triazinyl egg phosphatidylethanolamine. 

ent invention are substantially greater than any other ^ screw-capped test tube, 0.74 ml of a 100 mg/ml 

flmd-hpid hposomes which were e^ed ^^^^ ^^^j^j ^^^^ ^^^^^^^ phosphatidyletha- 

The followmg examples mustratem^^^ ^ chloroform was evaporated to dryness 

mg hposomes with enhanced circulation tunes, and for , ^ ^ . . *^ , . , ^ 

ac^ng circulation times in vivo and in vitro. The 4. under a stream of mtro^^^ 

exampl^ are intended to Ulustrate specific liposome ^ acUvated PEG descnbed m section A m the 

compositions and methods of the invention, but are in ^^^^^^J^ ^ P^^^^f ^05 ing (0.100 mmole). To this mix- 
no way intended to limit the scope tiiereof. ^ ^. ^"^^^^JJf dimethyl formamide was added 

27 microliters (0.200 mmole). tnethylamme was added 
MATERIALS to the mixture, and the air was displaced with nitrogen 

Cholesterol (Choi) was obtained from Sigma (St. S^- The mixture was heated overnight in a sand bath 
Louis, Mo). Sphingomyelin (SM). egg phosphatidyl- . maintained at 110* C. 

choline Oecithin or PC), partially hydrogenated PC The mixture was then evaporated to dryness under 
having the composition TV40, IV30, IV20, IVIO, and vacuum and a pasty mass of crystalline solid was ob- 
IVl, phosphatidylglycerol (PG), phosphatidylethanol- cq tained. This solid was dissolved in 5 ml of a mixture of 
amine (PE), dipalmitoyl-phosphatidyl glycerol 4 volumes of acetone and 1 volume of acetic acid. The 
0PPG), dipahnitoyl PC (DPPCj, dioleyl PC (DOPC) resulting mixture was placed at the top of a 21 mm X 240 
and distearoyl PC (DSPC) were obtained from Avanti mm chromatographic absorption column packed with 
Polar Lipids OBinningham, Ala). silica gel (Merck Kieselgel 60, 70-230 mesh) which had 

[I23i].tyraminyl-inulin was made according to pub- first been moistened with a solvent composed of ace- 
lished procedures. *^Gallium-8-hydroxyquinoline was tone acetic acid, 80/20, v/v. 

supplied by NEN Neoscan (Boston, Mass). The column chromatography was developed with 

EXAMPLE 1 solvent mixture, and separate 20 to 50 ml ali- 

quots of effluent were collected. Each portion of efflu- 
Preparation of PEG-PE Linked by Cyanuric Chloride ^ ent was assayed by TLC on silica gel coated plates, 
A. Preparation of activated PEG ^^^B 2-butanone/acetic acid/water; 40/25/5; v/v/v as 

2.0-Methoxypolyethylene glycol 1900-4,6-dichloro- developer and iodine vapor exposure for visualization. 
1,3,5 triazinc previously called activated PEG was pre- Fractions containing only material of R/=about 0.79 
pared as described in / BioL Chem,, 252:3582 (1977) were combined and evaporated to dryness under vac- 
with the following modifications. 65 uum. Drying to constant weight under high vacuum 

Cyanuric chloride (5.5 g; 0.03 mol) was dissolved in afforded 86 mg (31,2 micromoles) of nearly colorless 
400 ml of anhydrous benzene containmg 10 g of anhy- solid N-(4-chloro-polyglycol 1900)-l,3,5-triazinyl egg 
drous sodium carbonate, and PEG-1900 (19 g; 0.01 mol) phosphatidylethanolamine containing phosphorous. 
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The solid compound was taken up in 24 ml of 
ethanolZ-chloroform; 50/50 chloroform and centri- 
fuged to remove insoluble material. Evaporation of the 
clarified solution to dryness under vacuum afforded 21 
mg (7.62 micromoles) of colorless solid. 5 

EXAMPLE 2 Preparation of the Carbamate-Linked 
PEG-PE 

A. Preparation of the imidazole carbamate of poly- 
ethylene glycol methyl ether 1900. ^0 

9.5 grams (5 mmoles) of polyethylene glycol methyl 
ether 1900 obtained from Aldrich Chemical Co. was 
dissolved in 45 ml benzene which has been dried over 
molecular sieves. 0.S9 grams (5.5 mmoles) of pure car- 
bonyl diimidazole was added. The purity was checked 
by an infra-red spectrunL The air in the reaction vessel 
was displaced with nitrogen. Vessel was enclosed and 
heated in a sand bath at 75" C. for 16 hours. 

The reaction mixture was cooled and the clear solu- 
tion formed at room temperature. The solution was 
diluted to 50.0 ml with dry benzene and stored in the 
refrigerator as a 100 micromole/ml stock solution of the 
imidazole carbamate of PEG ether 1900. 

B. Preparation of the phosphatidylethanolamine car- 
bamate of polyethylene glycol methyl ether 1900. 

10.0 ml (1 mmol) of the 100 mmol/ml stock solution 
of the imidazole carbamate of polyethylene glycol 
methyl ether 1900 (compound X) was pipetted into a 10 
ml pear-shaped flask. The solvent was removed under 
vacuum. 3.7 ml of a 100 mg/ml solution of egg phospati- 
dyl ethanolamine (V) in chloroform (0.5 nmiol) was 
added. The solvent was evaporated under vacuum. 2 ml 
of 1,1,2,2-tetrachloroethylene and 139 microliters (1.0 
nmiol) of triethylamine VI was added. The vessel was 
closed and heated in a sand bath maintained at 95" C. for 
6 hours. At this time, thin-layer chromatography was 
performed with fractions of the above mixture to deter- 
mine an extent of conjugation on Si02 coated TLC 
plates, using butanone/acetic acid/water; 40/5/5; ^ 
v/v/v; was performed as developer. 12 vapor visualiza- 
tion revealed that most of the free phosphatidyl ethanol- 
amine of Rf=0.68, had reacted, and was replaced by a 
phosphorous-containing lipid at R/=0.78 to 0.80. 

The solvent from the remaining reaction mixture was 
evaporated under vacuum. The residue was taken up in 
10 ml methylene chloride and placed at the top of a 21 
mm X 270 mm chromatographic absorption column 
packed with Merck Kiesel-gel 60 (70-230 mesh sihca 
gel), which has been first rinsed with methylene chlo- jq 
ride. The mixture was passed through the colimm, in 
sequence, using the following solvents. 

TABLE 1 



ml 


Volume % of 
Methylene Chloride 


Voliuzie % Methanol 
With 2% Acetic Acid 


100 


100% 


0% 


200 


95% 


5% 


200 


90% 


10% 


200 


85% 


15% 


200 


60% 


40% 
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50 ml portions of efHuent were collected and each 
portion was assayed by TLC on Si02 - coated plates, 
using 12 vapor absorption for visualization after devel- 
opment with chloroform/methanol/water/concen- 65 
trated ammonium hydroxide; 1 30/70/8/0. 5 % ; 
v/v/v/v. Most of the phosphates were found in frac- 
tions 11, 12, 13 and 14. 



These fractions were combined, evaporated to dry- 
ness under vacuum and dried in high vacuum to con- 
stant weight. They yielded 669 mg of colorless wax of 
phosphatidyl ethanolamine carbamate of polyethylene 
glycol methyl ether. This represented 263 micromoles 
and a yield of 52.6% based on the phosphatidyl ethanol- 
amine. 

An NMR spectrum of the product dissolved in 
deutero — chloroform showed peaks corresponding to 
the spectrum for egg PE, together with a strong singlet 
due to the methylene groups of the ethylene oxide chain 
at Delta=3.4 ppm. The ratio of methylene protons from 
the ethylene oxide to the terminal methyl protons of the 
PE acyl groups was large enough to confirm a molecu- 
lar weight of about 2000 for the polyethylene oxide 
portion of the molecule of the desired product polyeth- 
ylene glycol conjugated phosphatidyethanolamine car- 
bamate, M. W. 2,654. 

EXAMPLE 3 Preparation of Ethylene-Linked PEG-PE 

A. Preparation of I-trimethylsilyloxy-polyethylene 
glycol is illustrated in Reaction Scheme 3A. 

15,0 gm (10 mmoles) of polyethylene glycol) M.Wt. 
1500, (Aldrich Chemical) was dissolved in 80 ml ben- 
zene. 1.40 ml (11 nmioles) of chlorotrimethyl silane 
(Aldrich Chemical Co.) and 1.53 ml (1 mmoles) of tri- 
ethylamine was added. The mixture was stirred at room 
temperature under an inert atmosphere for 5 hours. 

Tlie mixture was filtered with suction to separate 
crystals of triethylammonium chloride and the crystals 
were washed with 5 ml benzene. Filtrate and benzene 
wash liquids were combined. This solution was evapo- 
rated to dryness under vacuum to provide 15.83 grams 
of colorless oil which solidified on standing. 

TLC of the product on Si-Cis reversed-phase plates 
using a mixture of 4 volumes of ethanol with 1 volume 
of water as developer, and iodine vapor visalization, 
revealed that all the polyglycol 1500 (R/^0.93) has 
been consumed, and was replaced by a material of 
Ry=0.82. An infra-red spectrum revealed absorption 
peaks characteristic only of polyglycols. 

Yield of I-trimethylsilyoxypolyethylene glycol, M. 
W. 1500 was nearly quantitative. 

B. Preparation of trifluoromethane sulfonyl ester of 
I-trimethylsilyloxy-polyethylene glycol. 

15.74 grams (10 mmol) of the crystalline I-trimethyl- 
silyloxy polyethylene glycol obtained above was dis- 
solved in 40 ml aiihydrous benzene and cooled in a bath 
of crushed ice. 1.53 ml (1 1 nmiol) triethylamine and 1.85 
ml (11 mmol) of trifluoromethanesulfonic anhydride 
obtained from Aldrich Chemical Co. were added and 
the mixture was stirred over night under an inert atmo- 
sphere until the reaction mixture changed to a brown 
color. 

The solvent was then evaporated under reduced pres- 
sure and the residual syrupy paste was diluted to 100.0 
ml with methylene chloride. Because of the great reac- 
tivity of trifluoromethane sulfonic esters, no further 
purification of the trifluoromethane sulfonyl ester of 
I-trimethylsilyloxy polyethylene glycol was done. 

C. Preparation of N-l-trimethylsilyloxy polyethylene 
glycol 1500 PE. 10 ml of the methylene chloride stock 
solution of the trifluoromethane sulfonyl ester of 1- 
triraethylsilyloxy polyethylene glycol was evaporated 
to dryness under vacuum to obtain about 1.2 grams of 
residue (approximately 0.7 mmoles). To this residue, 
3.72 ml of a chloroform solution containing 372 mg (0.5 
mmoles) egg PE was added. To the resulting solution, 
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139 microliters (1.0 mmole) of trietkylamine was added tants were let to stand over night at room temperature 

and thessolvent was evaporated under vacuum. To the (20° C). 

obtained residue, 5 ml dry dimethyl formamide and 70 The solvent was evaporated under reduced pressure 
microliters (0.50 mmoles) triethylamine (VI) was added. and the residue was dissolved in 10 ml chloroform, 
Air from the reaction vessel vyas displaced with nitro- 5 washed with two successive 10 ml portions of water, 
gen. The vessel was closed and heated in a sand bath a and centrifuged to separate chloroform and water pha- 
1 10* C. for 22 hours. The solvent was evaporated under ses. The chloroform phase was evaporated under vac- 
vacuum to obtain 1.58 grams of brownish colored oil. A uum to obtain 390 mg of orange-brown wax, which was 
21x260 mm chromatographic absorption column filled determined to be impm-e N-polyethylene glycol 1500 
with Kieselgel 60 silica 70-230 mesh, was prepared and ^0 PE compound. 

rinsed with a solvent composed of 40 volumes of buta- The wax was re-dissolved in 5 ml chloroform and 

none, 25 volumes acetic acid and 5 volumes of water. transferred to the top of a 21 X 270 mm column of silica 

The crude product was dissolved in 3 ml of the same gel moistened with chloroform. The colimm was devel- 

solvent and transferred to the top of the chromatogra- oped by passing 100 ml of solvent through the column 

phy colunm. The chromatogram was developed with following solvents in sequence were used, 
the same solvent and sequential 30 ml portions of efflu- 
ent were assayed each by TLC 

The TLC assay system used sOica gel coated glass 
plates, with solvent combination butanone/acetic acid/- 
watei^ 40/25/5; v/v/v. Iodine vapor absorption served 



TABLE 2 


Volume % 


Volume % Methanol Contaiiung 


Chloroform 


2% Cone. Ammonium Hydroxide/methaiiol 


100% 


0% 


95% 


5% 


90% 


10% 


85% 


15% 


80% 


20% 


70% 


30% 


60% 


40% 


50% 


50% 


0% 


100% 



for visualization. In this solvent system, the N-l-trime- 
thylsilyloxy polyethylene glycol 1500 PE appeared at 
R/=0.78. Unchanged PE appeared at Ry=0.68. 

The desired N-l-trimethylsilyloxy polyethylene gly- 
col 1500 PE was a chief constituent of the 170-300 ml 
portions of column effluent. When evaporated to dry- 
ness under vacuum these portions afforded 1 1 1 mg of 

pale yellow oil of compound. Separated 50 ml fractions of column effluent were 

D. Preparation of N-polyethylene glycyl 1500: phos- saved. The fractions of the column were separated by 
phatidyl-ethanolamine acetic acid deprotection. TLC on Si-C18 re versed-phase plates. TLC plates were 

Once-chromatographed, PE compound was dis- developed with 4 volumes of ethanol mixed with 1 

solved in 2 ml of tetrahydrofuran. To this, 6 ml acetic volume of water. Visualization was done by exposure to 

acid and 2 ml water was added. The resulting solution iodine vapor. 

was let to stand for 3 days at 23* C. The solvent from 35 Only those fractions containing an iodine-absorbing 

the reaction mixture was evaporated imder vacuum and lipid of R/about 0.20 were combined and evaporated to 

dried to constant weight to obtain 75 mg of palfc yellow dryness under vacuum and dried in high vacuum to 

wax. TLC on Si-C18 reversed-phase plates, developed constant weight. In this way 94 mg of waxy crystalline 

with a mixtrue of 4 volumes ethanol, 1 volume water, solid was obtained of M. W. 2226. The proton NMR 

indicated that $ome free PE and some polyglycol-like 4Q spectrum of this material dissolved in deutero- 

material formed during the hydrolysis. * chloroform showed the expected peaks due to the phos- 

The residue was dissolved in 0.5 ml tetrahydrofuran phatidyl ethanolamine portion of the molecule, together 

and diluted with 3 ml of a solution of ethanol water; with a few methylene protons attributable to polyethyl- 

80:20; v:v. The mixture was applied to the top of a 10 ene glycol. (Delta=3.7). 

mm X 250 mm chromatographic absorption column 45 ^. ^»^,r 

packed with octadecyl bonded phase silica gel and col- EXAMPLE 4 Preparation of REVs and MLVs 

umn was developed with ethanol water 80:20% by A. Sized REVs 

volume, collecting sequential 20 ml portions of effluent. A total of 15 ftmoles of the selected lipid components. 

The effluent was assayed by reversed phase TLC. Frac- in the mole ratios indicated in the examples below, were 

tions containing only product of Rf=0.08 to 0.15 were 50 dissolved in chloroform and dried as a thin film by 

combined. This was typically the 20-100 ml portion of rotary evaporation. Tliis lipid film was dissolved in 1 ml 

effluent. When evaporated to dryness, under vacuum, of diethyl ether washed with distilled water. To this 

these portions afforded 33 mg of colorless wax PEG-PE lipid solution was added 0.34 ml of an aqueous buffer 

corresponding to a yield of only 3%, based on the start- solution containing 5 mM Tris, 100 mM NaCl, 0. 1 mM 

ing phosphatidyl ethanolamine. 55 EDTA, pH 7.4, and the mixture was emulsified by 

NMR analysis indicated that the product incorpo- sonication for 1 minute, mamtainmg the temperature of 

rated both PE residues and polyethylene glycol resi- the solution at or below room temperature. Where the 

dues, but that in spite of the favorable-appearing ele- liposomes were prepared to contain encapsulated [1251] 

mental analysis, the chain length of the polyglycol chain tyraminyl-inulin, such was included in the phosphate 

has been reduced to about three to four ethylene oxide 60 buffer at a concentration of about 4 ^Ci/ml buffer, 

residues. The product prepared was used for a prepara- The ether solvent was removed under reduced pres- 

tion of PEG-PE liposomes. sure at room temperature, and the resulting gel was 

E. Preparation of N-Polyethylene glycol 1500 P. E. taken up in 0.1 ml of the above buffer, and shaken vigor- 
by fluoride deprotection. ously. The resulting REV suspension had particle sizes, 

500 mg of crude N-l-trimethylsilyloxy polyethylene 65 as determined by microscopic examination, of between 

glycol PE was dissolved in 5 ml tetrahydrofuran and about 0.1 to 20 microns, iand was composed predomi- 

189 mg (0.600 millinioles) of tetrabutyl ammonium fluo- nantly of relatively large (greater than 1 micron) vesi- 

ride was added and agitated until dissolved. The reac- . cles having one or only a few bilayer lamellae. 
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The liposomes were extruded twice through a poly- 
carbonate filter (Szoka, 1978), having a selected pore 
size of 0.4 microns or 0.2 microns. Liposomes extruded 
through the 0.4 micron filter averaged 0.17± (0.05) 
micron diameters, and through the 0.2 micron filter, 5 
0.16 (0.05) micron diameters. Non-encapsulated [1251] 
tyraminyl-inulin was removed by passing the extruded 
liposomes through Sephadex G-50 (Pharmacia). 

B. Sized MLVs 

Multilamellar vesicle (MLV) liposomes were pre- 10 
pared according to standard procedures by dissolving a 
mixture of lipids in an organic solvent containing prir 
marily CHCI3 and drying the lipids as a thin fdm by 
rotation under reduced pressure. In some cases a radio- 
active label for the lipid phase was added to the lipid 15 
solution before drying. The lipid film was hydrated by 
addition of the desired aqueous phase and 3 mm glass 
beads followed by agitation with a vortex and shaking 
above the phase transition temperature of the phospho- 
lipid component for at least 1 hour. In some cases a 20 
radioactive label for the aqueous phase was included in 
the buffer. In some cases the hydrated lipid was repeat- 
edly frozen and thawed three times to provide for ease 
of the following extrusion step. 

The size of the liposome samples was controlled by 25 
extrusion through defined pore polycarbonate filters 
using pressurized nitrogen gas. In one procedure, the 
liposomes were extruded one time through a fdter with 
pores of 0.4 fim and then ten times through a filter with, 
pores of 0. 1 /tm. In another procedure, the liposomes 30 
were extruded three times through a filter with 0.2 fim 
pores followed by repeated extrusion with 0.05 fim 
pores imtil the mean diameter of the particles was below 
100 nm as determined by DLS. Unencapsulated aque- 
ous components were removed by passing the extruded 35 
sample through a gel permeation colunm separating the 
liposomes in the void volume from the small molecules 
in the included volume. 

C. Loading ^^Ga Into DF-Containing Liposomes 

The protocol for preparation of Ga^^.^p labeled 40 
liposomes as adapted from known procedures (Gabi- 
zon). Briefly, liposomes were prepared with the ion 
chelator desferal mesylate encapsulated in the internal 
aqueous phase to bind irreversibly Ga transported 
tlu-ough the bilayer by hydroxyquinoline (oxine). 45 

D. Dynamic Light Scattering 

Liposome particle size distribution measurements 
were obtained by DLS using a NICOMP Model 200 
with a Brookhaven Instruments BI-2030AT autocor- 
relator attached. The instruments were operated ac- 50 
cording to the manufacturer's instructions. The NI- 
COMP results were expressed as the mean diameter and 
standard deviation of a Gaussian distribution of vesicles 
by relative volume. 

55 
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Kinetics of Liposome Clearance from the Bloodstream 

A. Measuring Blood Circulation Time and 
Blood/RES Ratios 

In vivo studies of Hposomes were performed in two 
different animal models: Swiss-Webster mice at 25 g 
each and laboratory rats at 200-300 g each. The studies 
in mice involved tail vein injection of liposome samples 
at 1 fiM phospholipid/mouse followed by animal sacri- 
fice after a defmed time and tissue removal for label 
quantitation by gamma counting. The weight and per- 
cent of the injected dose in each tissue were determined. 
The studies in rats involved establishment of a chronic 
catheter in a femoral vein for removal of blood samples 
at defined times after injection of liposome samples in a 
catheter in the other femoral artery at 3-4 ftM phos- 
pholipid/rat The percent of the injected dose remain- 
ing m the blood at several time points up to 24 hours 
was determined. 

B. Time Course of Liposome Retention in the Blood; 
stream 

PEG-PE composed of methoxy PEG, molecular 
weight 1900 and l-palmitoyl-2-oleyl-PE (POPE) was 
prepared as in Example 2. The PEG-POPE lipid was 
combined with and partially hydrogenated egg PC 
(PHEPC) in a lipidrlipid mole ratio of about 0.1:2, and 
the lipid mixture was hydrated and extruded through a 
0.1 micron polycarbonate membrane, as described in 
Example 4, to produce MLV*s with average size about 
0.1 micron. The MLV lipids included a small amount of 
radio-labeled hpid marker '^-cholesteryl oleate, and 
the encapsulated marker ^H-inulin. 

The liposome composition was injected and the per- 
cent initial injected dose in mice was determined as 
described in Example 4, at 1, 2, 3, 4, and 24 after injec- 
tion. The time course of loss of radiolabeled material is 
seen in FIG. 7 which is a plot of percent injected dose 
for encapsulated inulin (solid circles), inulin marker 
corrected to the initial injection point of 100% (open 
circles), and lipid marker (closed triangles), over a 24- 
hour period post injection. As seen, both lipid and en- 
capsulated markers showed greater than 10% of origi- 
nal injected dose after 24 hours. 

EXAMPLE 6 

Effect of Phospholipid Acyl-Chain Saturation on 
Blood/RES Ratios in PEG-PE Liposomes 

PEG-PE composed of methoxy PEG, molecular 
weight 1900 and distearylPE (DSPE) was prepared as 
in Example 2. The PEG-PE lipids were formulated 
with selected lipids from among sphingomyelin (SM), 
fully hydrogenated soy PC (PC), cholesterol (Choi), 
partially hydrogenated soy PC (PHSPC), and partially 
hydrogenated PC lipids identified as PC IVl, IVIO, 
IV20, IV30, and IV40 in Table 3. The hpid components 
were mixed in the molar ratios shown at the left in 
Table 4, and used to form MLVs sized to 0. 1 micron as 
described in Example 4. 

TABLE 3 



Phase 

Transition Temp.rC.) Mole % Fatty Acid Comp. 

Egg PC Fonn Range Midpoint 18.-0 . 18:1 18:2 20K) 20:1-4 22K) 22:1-6 



Native 


<20 




12 


30 


15 


0 


3 


0 


5 


IV 40 




<20 


14 


32 


4 


0 


3 


0 


4 


IV 30 


<20-30 




20 


22 


0 


1 


2 


1 


3 


IV 20 


23-45 


41 


30 


10 


0 


2 


1 


2 


3 
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Phase 
Transition Temp.(*C.> 



Mole % Fatty Acid Comp. 



Egg PC Form Range Midpoint 18:0 18:1 18:2 20:0 20:1-4 22:0 22:1-6 



IV 10 37-50 




46 


42 


4 0 


3 


IV 1 49-54 




32 


56 


0 0 


5 


TABLE 4 




Blood 


L + S(RES) 


B/RES 


% Rcc 


PEG-PE:SM:PC:Chol 


19.23 




6.58 


2.92 


49.23 


0.2:1:1:1 

PEG-PE:PHSPC.-ChoI 


20.54. 




7.17 


2.86 


55.14 


0.15:1.85:1 












PEG-PE:PC IVltChol 


17.24 




13.71 


1.26 


60,44 


0.13:1.83:1. 












PEG-PE:PC IVl:ChoI 


19.16 




10.07 


1,90 


61.87 


(Two animals) 












0.15:1.85:1 












PEG-PE:PC IVlOrChol 


12.19 




7.31 


1.67 


40.73 


(Two animals) 












0.15:1.85:1 












PEG.PE:PC IVlO:Chol 


2.4 




3.5 


a69 


12.85 


0.15:1.83:1 












PEG-PEJ>C IV20<:hol 


24.56 




7.52 


3.27 


6Z75 


0.15:1.85:1 












PEG-PE:PC IV20<nioI 


5.2 




5.7 


0.91 


22,1 


0.13:1.85:1 












PEG-PE:PC rV40:Chol 


19.44 




8.87 


2.19 


53.88 


0.15:1.85:1 












PEG-PE:PC IV40:Chol 


17.2 




9.35 


1.84 


58.09 


0.15:1.85:1 












PEG-PE:PC IV40:ChoI 


20.3 




8.8 


2.31 


45.5 


0.15:1.85.0.5 












PEG-PE£PCK:hoI 


15.3 




9.6 


1.59 


45.9 


0.13:1.85:1 













24 hours after injection, the percent material injected 
(as measured by percent of ^^Ga-desferal) remaining the 
blood and in the liver (L) and spleen (S) were deter- 



10 



15 



20 



25 



30 



35 



ponents (IV40), and intermediate-saturation compo- 
nents (e.g., IV20). 

In aiddition, a comparison of blood/RES ratios ob- 
tained using die relatively saturated PEG-DSPE com- 
pound and the relatively unsaturated PEG-POPE com- 
pound (Example 5) indicates that the degree of satura- 
tion of the derivatized lipid is itself not critical to the 
ability of the liposomes to evade uptake by the RES. 

EXAMPLE? 

Effect of Cholesterol and Ethoxylated Cholesterol on 
Blood/RES Ratios in PEG-PE Liposomes 

A. Effect of added cholesterol 

PEG-PE composed of methoxy PEG, molecular 
weight 1900 and was derivatized DSPE as described in 
Example 6. The PEG-PE lipids were formulated with 
selected lipids from among sphingomyelin (SM), fully 
hydrogenated soy PC (PC), and cholesterol (Choi), as 
indicated in the column at the left in Table 5 below. The 
three formulations shown in the table contain about 30, 
15, and 0 mole percent cholesterol. Both REV's (0.3 
micron size) and MLV's (0. 1 micron size) were pre- 
pared, substantially as m Example 4, with encapsulated 
tritium-labeled inulin. 

The percent encapsulated inulin remaining in the 
blood 2 and 24 hours after administration, given at the 
right in the table, show ho measurable effect of choles- 
terol, in the range 0-30 mole percent 

TABLE 5 

% Injected Dose 

In Blood 



^H-Inulin 



2 HR. 24 HR. 

3h Aqueous Label 2 HR. 24 HR. 
(Leakage) - Lipid Label 



(1) SM:PC.-Chol:PEG-DSPE 










1:1:1.0.2 










100 nm MLV 


19 


5 


48 


24 


300 nm REV 


23 


15 


67 


20 


(2) SM:PC<:hol:PEG-DSPE 


23 


15 


71 


17 


l:l.-0.3O.2 










300 nm REV 










(3) SM:PC:PEG-DSPE 










l:l.-0.2 










100 nm MLV 


19 


6 


58 


24 


300 nm REV 


32 


23 


76 


43 



mined, and these values are shown in the two data col- 55 
umns at the left in Table 4. The blood and L-J-S (RES) 
values were used to calculate a blood/RES value for 
each composition. The column at the right in Table 4 
shows total amount of radioactivity recovered; The two 
low total recovery values in the table indicate anomo- 60 
lous clearance behavior. 

The results from the table demonstrate that the 
blood/RES ratios are largely independent of the fluid- 
ity, or degree of saturation of the phospholipid compo- 
nents forming the liposomes. In particular, there was no 65 
systematic change m blood/RES ratio observed among 
liposomes containing largely saturated PC components 
{e.g., IVl and IVIO PC's), largely unsaturated PC com- 



B. Effect of ethoxylated cholesterol 

Methoxy-ethyoxy-cholesterol was prepared by cou- 
pling raethoxy cthanol to cholesterol via the triflurosul- 
fonate coupling method described in Section I. PEG- 
PE composed of methoxy PEG, molecular weight 1900 
and was derivatized DSPE as described in Example 6. 
The PEG-PE lipids were formulated with selected 
lipids from among distearylPC (DSPC), partially hy- 
drogenated soy PC (PHSPC). cholesterol, and ethoxyl- 
ated cholesterol, as indicated at the right in Table 6. The 
data show that (a) ethoxylated cholesterol, in combina- 
tion with PEG-PE, gives about the same degree of 
enhancement of liposome lifetime in the blood as PEGr 
PE alone. By itself, the ethoxylated cholesterol pro- 



23 

vides a moderate degree of enhancement of liposome 
lifetime, but substantially less than that provided by 
PEG-PE. 

TABLE 6 

% Injected Dose In Blood 
'^C-Cho!-01eate 



Formulation 


2HR. 


24 HR. 


HSPC:Chol:PEG*DSPE 


55 


9 


1.85:!.-0.15 






HSPC:Choia'EG-DSPE:PEG5-ChoI 


57 


9 


l.85K).85.'0.15:0.15 






HSPC:Chol:HPG:PEG3-Chol 


15 


2 


1.8SH3.85.-0.15.-0.15 




1 


HSPC:Chol:HPG 


4 


1.85:1K).15 
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EXAMPLE 8 

Effect of Charged Lipid Components on Blood/RES 
Ratios in PEG-PE Liposomes 

PEG-PE composed of methoxy PEG, molecular 
weight 1900 and was derivatized DSPE as described in 
Example 6. The PEG-PE lipids were formulated with 
lipids selected from among egg PG (PG). partially hy- 
drogenated egg PC (PHEPC), and cholesterol (Choi), 
as indicated in the FIG. 6, The two formulations shown 
in the figure contained about 4.7 mole percent (trian- 
gles) or 14 mole percent (circles) PG. The hpids were 
prepared as MLV*s, sized to 0. 1 micron as in Example 4. 

The percent of injected liposome dose present 0.25, 1, 
2, 4, and 24 hours after injection are plotted for both 
formulations in FIG. 6. As seen, the percent PG in the 
composition had little or no effect on liposome retention 
in the bloodstream. The rate of loss of encapsulated 
marker seen is also similar to that observed for similarly 
prepared liposomes containing no PG. 

Although the invention has been described and illus- 
trated with respect to particular derivatized lipid com- 
pounds, liposome compositions, and use, it will be ap- 4q 
parent that a variety of modifications and changes may 
be made without departing from the invention. 

It is claimed: 

1. A liposome composition for use in delivering a 
compound via the bloodstream comprising 

liposomes composed of vesicle-forming lipids and 
between 1-20 mole percent of an amphipathic, 
vesicle-forming lipid derivatized with a polye- 
thyleneglycol, and containing the compound in 
liposome-entrapped form, and 

characterized by a blood level, 24 hours after intrave- 
nous injection, which is severalfold times that of 
the liposomes in the absence of the derivatized 
lipid. 

2. TTie composition of claim 1, wherein the liposomes 55 
have a selected average size in the size range between 
about 0.05 and 0.5 microns. 

3. The composition of claim 2, wherein the polye- 
thyleneglycol has a molecular weight is between about 
1,000 to 5,000 daltons. 

4. The composition of claim 2, wherein the am- 
phipathic lipid is a phospholipid having a polar head 
group at which the polyethyleneglycol is derivatized, 
and the liposomes are characterized by a blood circula- 
tion lifetime, as measured by the percent liposome 65 
marker retained in the blood 24 hours after intravenous 
injection of the liposomes, which is greater than about 5 
percent of the total amount administered. 
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5. The composition of claim 4, wherein the am^ 
phipathic lipid is a phospholipid and the liposomes are 
characterized by a blood circulation lifetime, as mea- 
sured by the percent liposome marker retained in the 
blood 24 hours after intravenous injection of the lipo- 
somes, which is greater than about 10 percent of the 
total amount administered. 

6. The composition of claim 4, wherein the phospho- 
lipid is phosphatidylethanolamine, and the polye- 
thyleneglycol is coupled to the phospholipid through a 
lipid amine group. 

7. The composition of claim 5, wherein the phospho- 
Upid contains acyl chains which are predominantly 
18-carbon acyl chains with at least one unsaturated 
bond. 

8. The composition of claim 7, wherein the phospho- 
lipid is a phosphatidylethanolamine, and the polye- 
thyleneglycol is coupled to the phospholipid through a 
Hpid amine group. 

9. The corfiposition of claim 1, wherein the liposomes 
contain 10-40 mole percent cholesterol, 40-85 mole 
percent neutral phospholipid, and 5-15 mole percent 
phospholipid derivatized with polyethyleneglycol. 

10. The composition of claim 1, which is character- 
ized by a blood/RES ratio, 24 hours after intravenous 
administration, which is at least about tenfold greater 
than that of the same liposomes in the absence of the 
derivatized amphipathic lipid. 

11. The composition of claim 10, wherein the vesicle- 
forming lipids making up the liposomes are selected to 
produce a selected rate of release of the drug from the 
liposomes circulating in the bloodstream. 

12. The composition of claim 11, for the treatment of 
malignancy, wherein the drug is an amphipathic anti- 
tumor compound. 

13. The composition of claim 12, wherein the drug is 
doxorubicin or a pharmacologically acceptable analog 
or salt thereof. 

14. The composition of claim 1, wherein the polyalk- 
ylether is linked to the amphipathic hpid through an 
esterase-or peptidase-sensitive linkage. 

15. The composition of claim 1, wherein the lipo- 
somes include a surface-bound ligand which is effective 
to bind specifically and with high affinity to ligand- 
binding molecules carried on the surface of specific 
cells circulating in the bloodstream. 

16. The composition of claim 15, wherein the surface- 
bound ligand is an antibody effective to bind specifi- 
cally and with high affmity to an antigen which is ex- 
pressed in a cell in the bloodstream in a disease state, 

17. The composition of claim 15, wherein the surface- 
boimd ligand is CD4 peptide which is effective to bind 
to HIV-infected T cell or B cells. 

18. A method of producing a severalfold increase in 
the blood-circulation time of intravenously adminis- 
tered liposomes formed of vesicle-forming lipids and 
containing an entrapped compound, as measured by the 
percent liposome marker retained in the blood 24 hours 

60 after intravenous injection, substantially independent of 
the degree of saturation of said vesicle-forming lipids, 
comprising 

forming the liposomes to include between about 1-20 
mole percent an amphipathic, vesicle-forming lipid 
derivatized with a polyethyleneglycol. 

19. The method of claim 18, wherein the liposomes 
have a selected average size in the size range between 
about 0.05 and 0.5 microns. 
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20. The method of claim 18, for increasing the blood- 
circulation time of intravenously administered lipo- 
somes, as measured by the percent liposome marker 
retained in the blood 24 hours after intravenous injec- 
tion of the liposomes, to a level which is greater than ^ 
about 10 percent of the total amount of lipid adminis- 
tered, wherein the amphipathic lipid is a phospholipid, 
and the polyethyleneglycol has a molecular weight 
between about 1,000 to 5,000 daltons* 

21. The method of claim 18, wherein adding is effec- 
tive to enhance the blood circulation lifetime 24 hours 
after intravenous administration, by at least about ten- 
fold over that observed with the same liposomes in the 
absence of the derivatized amphipathic lipid. {5 

22. A method of administering a compound intrave- 
nously, to achieve a level of compound in the blood- 
stream, 24 hours after drug administration, which is at 
least about 5 percent of the total amount of compound 
administered, comprising 20 

preparing a suspension of liposomes composed of 
vesicle-forming lipids and between 1-20 mole per- 
cent of an amphipathic, vesicle-forming lipid 
derivatized with a polyethyleneglycol, and the 
compound, in liposome-ehtrapped form, and 

intravenously administering an amount of the suspen- 
sion containing a pharmacologically acceptable 
amount of the drug. 

23. The method of claim 22, wherein the polye- 
thyleneglycol has a molecular weight of between about 
1,000 and 5,000 daltons. 

24. The method of claim 22, wherein the vesicle- 
forming lipid is a phospholipid, and the level of com- 
pound in the bloodstream, 24 hours after liposome ad- 35 
ministration, is at least about 10 percent of the total 
compound administered. 

25. A method of delivering a drug selectively to a 
target tissue containing surface-bound tissue-specific 
ligand-bind molecules, comprising 40 
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preparing a suspension of liposomes containing be- 
tween 1-20 mole percent of an vesicle-forming 
lipid derivatized with a polyethyleneglycol, a sur- 
face-bound ligand effective to bind specifically and 
with high affmity to said ligand-binding molecule, 
and the drug, in liposome-entrapped form, and 

intravenously administering an amount of the suspen- 
sion containing a pharmacologically acceptable 
amount of the drug. 

26. The method of claim 25, wherein the polye- 
thyleneglycol has a molecular weight of between about 
1,000 and 5,000 daltons. 

27. The method of claim 26, wherein the vesicle- 
forming lipid is a phospholipid. 

28. The method of claim 25, wherein the target tissue 
is a solid tumor carrying a tumor specific antigen, and. 
the ligand is an antibody specific against such antigen. 

29. The method of claim 25, wherein the target tissue 
is a solid tumor, and the drug is doxorubicin or a phar- 
macologically acceptable analog or salt thereof. 

30. A method of enhancing the uptake, by the reticu- 
loendothelial system, of cells carrying surface-specific 
ligand-binding molecules which are characteristic of a 
disease state, comprising 

preparing a suspension of liposomes containing be- 
tween 1-20 mole percent of an vesicle-forming 
lipid derivatized with a polyethyleneglycol, and a 
surface-bound ligand effective to bind specifically 
and with high affinity to said ligand-binding mole- 
cule, and 

administering said suspension intravenously. 

31. The method of claim 30, wherein the polye- 
thyleneglycol has a molecular weight of between about 
1,000 and 5,000 daltons. 

32. The method of claim 30, wherein the vesicle- 
forming lipid is a phospholipid. 

33. The method of claim 30, wherein the cells are 
HIV-infected T-cells or B cells and the surface-bound 
D4 peptide. 

***** 
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Abstract 

Long-circulating submicron lipid emulsions, stabilized with poly(ethylene glycol)-mod- 
ified phosphatidylethanolamine (PEG-PE), are promising drug carriers with substantial 
capacity for"" solubilization of lipophilic anticancer agents. This study describes the 
conjugation of the anti-B-cell lymphoma monoclonal antibody LL2 to the surface of 
lipid-emulsion globules by use of a novel poly(ethylene glycol)-based heterobifunctional 
coupling agent. 

The efficiency of coupling of LL2 to the lipid emulsion was 85% (approx.) and 
essentially independent of the LL2/emulsion particle ratio and amount of surface-bound 
PEG-PE. Results from sucrose-gradient centrifugation and Sepharose CL-4B gel filtration 
indicated stable binding of the antibody to the emulsion. The immunoreactivity of the 
emulsion-LL2 conjugates was tested with alkaline phosphatase-conjugated LL2 against a 
monoclonal anti-idiotype antibody, WN. The binding of the conjugates to WN increased 
with increasing surface density of LL2 up to 40 monoclonal antibodies/emulsion particle, 
and exceeded that for the free monoclonal antibody (approx. 20 molecules/particle). 
Results from competitive-binding ELISA were indicative of similar displacement curves 
for free LL2 and emulsion-LL2 conjugates. Direct cellular ELISA revealed similar 
binding of emulsion-LL2 complexes to three types of Burkitt's lymphoma cell lines, 
Raji, Ramos and Daudi. 

The results from this study indicate that emulsion-LL2 complexes might be a useful 
drug-carrier system for more specific delivery of anticancer drugs to B-cell malignancy. 



Antibody-based targeting of antineoplastic drugs is 
a promising approach to the development of ther- 
apy for cancer (Vingerhoeds et al 1994; Vitetta & 
Uhr 1994). Haematological malignancy, in which 
the immunoconjugates have unrestricted access to 
cancer cells, should be particularly amenable to this 
approach. 

LL2 is a murine IgG2a anti-B-cell lymphoma 
monoclonal antibody raised against the Raji Burkitt 
lymphoma cell line (Pawlak-Byczkowska et al 
1989). It has been proven of clinical importance in 
the radioimmunodetection and radioimmuno- 
therapy of non-Hodgkin's B-cell lymphoma 
(Goldenberg et al 1991; Murthy et al 1992). 
That LL2 is internalized into antigen-bearing cells 
(Shih et al 1994) makes it potentially useful for 

Correspondence: B. B. Lundberg, Department of Biochem- 
istry and Pharmacy, Abo Akademi University, BioCity P. O. 
Box 66, FIN-20521 Abo, Finland. 



intracellular delivery of cytotoxic agents. In this 
study LL2 has been conjugated to the surface of 
submicron lipid-emulsion drug carriers by use of a 
heterobifunctional coupling agent. 

Submicron lipid emulsions have many appealing 
properties as drug carriers — they are biocompa- 
tible, biodegradable and easy to prepare and handle 
(Lundberg 1993; Wheeler et al 1994; Liu & Liu 
1995; Lundberg et al 1996). The emulsions com- 
prise two major components, an oil core (i.e. 
triglyceride) stabilized by emulsifiers (i.e. phos- 
pholipids). The hydrophobic cores of such emul- 
sions can solubilize considerable amounts of 
lipophilic drugs (Lundberg 1994, 1997, 1998). The 
poor emulsifying properties of phospholipids can 
be enhanced by adding a biocompatible coemulsi- 
fier such as polysorbate 80 (Lundberg 1994). A 
severe problem with particulate drug carriers is 
rapid uptake by the mononuclear phagocyte system 
(Poste et al 1982). Although this problem can be 
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overcome by engrafting poly(ethylene glycol) 
(PEG) chains on to the particle surfaces (Woodle & 
Lasic 1992; Lundberg et al 1996), higher mole- 
cular-weight PEGs mask antibody recognition and 
weaken the targeting capability of immunoconju- 
gates (Blume et al 1993). A successful strategy for 
solving this problem is to link the monoclonal 
antibody to the distal PEG terminus (Song et al 
1996; Kirpotin et al 1997; Lopes de Menezes et al 
1998). An obvious problem with particulate drug 
carriers such as liposomes and emulsions is slow 
and non-specific uptake by cells. The conjugation, 
to the surface of the drug carrier, of an internalizing 
ligand for cellular receptors would greatly enhance 
the feasibility of this concept of drug delivery. This 
paper reports the successful conjugation of an 
internalizing ligand, monoclonal antibody LL2, to 
a long-circulating submicron lipid emulsion by 
means of a heterobifunctional coupling agent. 




N— 0 — c 



PEG 



0 

II 

-S — c = CH_ 
II H 2 
0 



NHS-PEG-VS, MW 2000 



{DSPE)-NH , 



II II 

(DSPE)-N— C— PEG — S C = CH 

^ II H 2 

iQ 



DSPE-PEG-VS 



Materials and Methods 

Materials 

Dipalmitoylphosphatidylcholine (DPPC) was ob- 
tained from Alexis (Laufelfingen, Switzerland). 
Dipalmitoylphosphatidylethanolamine (DPPE), di- 
stearoylphosphatidylethanolamine, triolein, poly- 
oxyethylenesorbitan monooleate (polysorbate 80), 
carbonyl diimidazole, maleimide-activated alkaline 
phosphatase, and 2-mercaptoethanol were from 
Sigma (St Louis, MO). Poly(ethylene glycol)vinyl- 
sulphone-A^-hydroxysuccinimidyl ester (VS-PEG- 
NHS) was purchased from Shearwater Polymers 
Europe ^(Enschede, The Netherlands). [^^CJDPPC 
and I were from Amersham International 
(Amersham, UK). l,ll-Dioctadecyl-3,3,3',3'-tetra- 
methylindocarbocyanine perchlorate (Dil) was 
from Molecular Probes (Eugene, OR) and 4- 
methylumbelliferyl phosphate (MUP) from Koch- 
Light (Suffolk, UK). Poly(ethylene glycol)-mod- 
ified phosphatidylethanolamine (PEG-PE) was syn- 
thesized by reaction of PEG 2000 with carbonyl- 
diimidazole then addition of DPPE (Allen et al 
1991). Finally PEG-DPPE was dialysed against 
water by means of a Spectra/Por CE 300 000 
MWCO dialysis bag (Spectrum Medical Industries, 
Houston, TX) and then lyophilized (Maruyama et 
al 1992). A poly(ethylene glycol) derivative of 
phosphatidylethanolamine with a vinylsulphone 
group at the distal terminus of the poly(ethylene 
glycol) chain (DSPE-PEG-VS) (Figure 1) was 
synthesized by reacting NHS-PEG-VS (25/imol) 
with DSPE (23/imol) and triethylamine (50//mol) 
m chloroform (1 mL) for 6h at 40°C. The product 



HS-(MAb) 



(DSPE)-N — C ■ 
H 



PEG — S-.(lVIAb) 
II 

'0 



DPSE-PEG-MAb 

Figure 1. Synthesis of a PEG- DSPE derivative y/ith a 
vinylsulphone (VS) function at the end of the poly(ethylene 
glycol) chain, and its reaction with thiol groups on a mono- 
clonal antibody. 



was purified by preparative silica gel thin-layer 
chromatography (TLC) and gave a single spot in 
analytical TLC when visuaHzed with iodine vapour 
and molybdate spray. 



Cell lines and monoclonal antibody 
Cultured cells from man included Burkitt's lym- 
phoma lines Raji, Daudi and Ramos. The cells were 
grown in RPMI 1640 medium with 10% foetal calf 
serum; they were maintained at 37''C and aerated 
with 5% CO2 in air. 

Murine monoclonal antibody LL2, an I7G 
(Pawlak-Byczkowska et al 1989) specific for the 
epitope B of CD22 (Stein et al 1993) raised by 
immunization of BALB/c mice with an extract of 
Raji cells, and WN, a rat monoclonal anti-idiotype 
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antibody to LL2 (Losman et al 1995) were obtained 
from Immunomedics. The molecular weight of LL2 
was found to be 154 kD by mass-analysed laser- 
desorption ionization-time-of-flight (MALDI- 
TOF) mass spectrometry (Mass Consortium, San 
Diego, CA). labelling was performed by the 
chloramine-T procedure. For alkaline phosphatase 
conjugation of LL2, the monoclonal antibody was 
first reduced with 50 mM 2-mercaptoethanol for 
lOmin at 4^C in 0-2 M Tris buffer (pH 8-7) and then 
reacted with maleimide-activated phosphatase 
(2mol enzyme (mol LL2)~*) in 015 m NaCl and 
O lM sodium phosphate (pH 7 0) for 3h at room 
temperature. Remaining maleimide groups were 
blocked with 1-5 mM 2-mercaptoethanol. 



Preparation of emulsion 

Submicron lipid emulsions were prepared and 
characterized as described in detail elsewhere 
(Lundberg 1993; Lundberg et al 1996). The basic 
composition of the lipid emulsions was triolein- 
DPPC-polysorbate 80*2 : 1 : 04 (w/w). When 
indicated, 2-8mol% PEG-DPPE (calculated rela- 
tive to DPPC) was added into the lipid mixture. For 
antibody conjugation, 2mol% DSPE-PEG-VS 
(calculated relative to DPPC) was included. The 
components were dispensed into vials from stock 
solutions at -20°C and the solvent was evaporated 
to dryness under reduced pressure. Phosphate-buf- 
fered saline (PBS) was added and the mixture was 
heated to 50°C, vortex mixed for 30 s, and soni- 
cated with an MSE probe sonicator for Imin. 
Emulsions were stored at 4°C and used for con- 
jugation within 1 day. 



Conjugation of LL2 to lipid emulsions 
Coupling of LL2 to emulsion globules was per- 
formed by reaction of the vinylsulphone group at 
the distal PEG terminus on the surface of the glo- 
bules with the free thiol groups on the monoclonal 
antibody (Figure 1). Before conjugation LL2 was 
reduced by reaction with 2-mercaptoethanol 
(50 mM) for lOmin at 4°C in Tris buffer (pH 8-7; 
0-2 M). The reduced monoclonal antibody was 
separated from excess 2-mercaptoethanol by use of 
Sephadex G-25 spin-columns, equilibrated in 
sodium acetate (50 mM)-buffered 0-9% saline (pH 
5-3). After this procedure the antibody exposed 
8-10 free thiol groups. The product was assayed 
for protein concentration by measurement of its 
absorbance at 280 nm (it was assumed that a 
ImgmL"^ monoclonal antibody solution has^an 
absorbance of 1*4) or by quantitation of I- 
labelled monoclonal antibody. Thiol groups were 



determined with Aldrithiol, by monitoring the 
change in absorbance at 343 nm, with cysteine as 
standard. The coupling reaction was performed 
overnight, at room temperature under argon, in 
HEPES-buffered saline (pH 7-4). Excess vinylsul- 
phone groups were quenched with 2mM 2-mer- 
captoethanol for 30min (Kirpotin et al 1997-), 
excess 2-mercaptoethanol and antibody were 
removed by gel chromatography on a Sepharose 
CL-4B column. The immunoconjugates were col- 
lected near the void volume of the column, passed 
through a 0-45-//m sterile filter, and stored at 4°C. 
Coupling efficiency was calculated by use of I- 
labelled monoclonal antibody. Recovery of emul- 
sions was estimated by- measurement of [ C]DPPC 
in parallel experiments. The number of monoclonal 
antibody per emulsion globule was calculated 
assuming a droplet size of 50 nm (Lundberg 1993) 
and a molecular weight of 150 kD for LL2. 

The integrity of the emulsion-LL2 conjugates 
was checked by sucrose density-gradient centri- 
fugation and gel filtration. The protein fraction was 
quantified by ^^I counting and the emulsion by Dil 
fluorescence (excitation and emission wavelengths 
520 and 578 nm, respectively). Centrifugation 
(50000revmin"\ 24 h at 10°C) was performed in 
a Beckman SW-60 Ti rotor. After centrifugation 
the tubes were punctured and fractions were 
collected. Gel filtration was performed on a 
30 cm X 2 cm Sepharose CL-4B column eluted 
with PBS (0-25mLmin"^). 



ELISA assay and cell binding 
The immunoreactivity of the emulsion-LL2 con- 
jugates was assessed by determining their binding 
affinities to the anti-idiotype antibody WN IgG. 
ELISA plates were coated with WN, 50 //L/well of 
a solution (lO^gmL"^) in carbonate buffer (pH 
9-6; 50 mM), at 4°C overnight. The wells were 
washed with 1% Triton X-100 in PBS and addi- 
tional binding sites blocked with dilution buffer 
containing 1% bovine serum albumin (BSA) and 
1% Triton X-100 in PBS. Alkaline phosphatase- 
conjugated free and emulsion-associated LL2 with 
different monoclonal antibody /emulsion particle 
ratios in dilution buffer were then added to the 
plates. After incubation for 1 h at room tempera- 
ture, unbound antibody was removed by washing 
three times with 1% BSA in PBS. Binding of 
alkaline phosphatase-conjugated LL2 was then 
determined by measuring hydrolysis of MUP 
(01 mgmL"^) in Tris buffer (pH 8*0) by means of 
a microtitre plate spectrofluorimeter with a 365-nm 
excitation filter and a 450-nm emission filter. The 
competitive blocking assays were performed with 
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the same protocol as above, but the WN-coated 
wells were incubated with alkaline phosphatase- 
conjugated free and Hposome-associated LL2 in the 
presence of excess unconjugated LL2 (01- 
10/igmL~*). 

The binding of emulsion-LL2 complexes to 
target cells was measured by use of alkaline 
phosphatase-conjugated monoclonal antibody. 
Cells (2 X 10^) in growth medium were incubated 
with alkaline phosphatase-conjugated LL2 and its 
emulsion conjugates for 30min with shaking at 
4°C. The cells were thoroughly washed with ice- 
cold PBS and the alkaline phosphatase activity was 
measured. 



Results and Discussion 

Conjugation 

A serious problem associated with the use of par- 
ticulate lipid and lipid-protein drug-carriers is their 
very rapid elimination from the bloodstream by 
the cells of the mononuclear phagocyte system. 
Although the development of long-circulating 
dose-independent lipid drug-carrier formulations 
with engrafted PEG on their surface is a major 
breakthrough in this field (Woodle & Lasic 1992), 
surface-attached PEG groups have been shown to 
interfere with the efficient binding of targeted 
liposomes to their cellular targets (Klibanov et al 
1991; Park et al 1995). With liposomes this pro- 
blem has recently been tackled by attachment of the 
targeting antibody to the termini of the surface- 
grafted PEG chains (Kirpotin et al 1997; Lopes de 
Menezes et al 1998). In this study a similar 
approach has been applied to long-circulating lipid 
emulsions. A novel heterobifunctional coupling 
agent, NHS-PEG-VS, is used for the conjugation 
process. The coupling procedure depicted in Figure 
1 starts with reaction of the NHS ester group of 
NHS-PEG-VS, with the amino group of DSPE. 
The NHS ester is highly reactive toward amino 
groups, but hydrolytically unstable. Under the 
conditions used, reaction in chloroform in the pre- 
sence of triethylamine, the yield was very high 
(approx. 90%). The next step was reaction of the 
vinylsulphone (VS) with thiol groups on the 
monoclonal antibody. Vinylsulphone is an attrac- 
tive derivative for selective coupling to thiol 
groups. At near neutral pH VS will couple with a 
half-hfe of 15-20 min to proteins containing thiol 
groups (Morpurgo et al 1996). The reactivity of VS 
is a little lower than that of maleimide, but the VS 
group IS more stable in water and a stable linkage is 
produced by reaction with thiol groups. The con- 



jugation of reduced LL2 to the VS group of the 
surface-grafted DSPE-PEG-VS during 16 h at 
room temperature was very reproducible with an 
typical efficiency of 85% (approx.) The quenching 
of excess active groups after the conjugation reac- 
tion seems to be important, because in the presence 
of free thiols or hydrazide groups at the PEG ter- 
mini immunoliposomes bind appreciably to cells 
lacking the target antigen (Allen et al 1995; Hansen 
et al 1995), probably by covalent attachment to cell 
surface molecules. 



Coupling efficiency 
^ To explore the proper conditions for the conjuga- 
tion process the starting ratio of LL2 to emulsion 
globules was varied. The results showed that the 
coupling process was essentially independent of the 
starting ratio in the range 5-40 monoclonal anti- 
bodies per emulsion particle (Figure 2A). Kirpotin 
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Figure 2. Efficiency of coupling of LL2 to vinyl sulphone- 
activated lipid emulsions as a function of A. LL2/emulsion 
particle ratio (4% PEG-DPPE) and B. amount of PEG-DPPE 
(LL2/emulsion particle ratio 20: 1). 
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et al (1997) showed that the number of monoclonal 
antibodies per liposome could be increased to 100- 
120 without loss of coupling efficiency, although 
the amount of total cell-associated immunolipo- 
somes reached a plateau at (approx.) 40 mono- 
clonal antibodies/liposome suggesting that there is 
no need to increase the amount of liposome-con- 
jugated protein beyond this value. It has been 
shown that high antibody densities on liposomes 
induce rapid clearance from plasma (Allen et al 
1995). Another factor which had to be considered 
was the effect of the steric stabilizer PEG-DPPE. It 
has been shown that surface-grafted PEG reduces 
the conjugation efficiency of short spacer linkers, 
especially when the PEG -^E content is increased 
to 3-5% and more, corresponding to the transition 
from *'mushroom" to "brush" conformation of the 
surface-grafted PEG (Kenworthy et al 1995). In this 
study, with PEG chains of Mr = 2000 for both 
PEG-DPPE and DSPE-PEG-VS, the coupling 
was essentially unaffected by PEG-DPPE content 
(Figure 2B). This result is in agreement with that 
obtained with long PEG-spacer linkers for the 
conjugation of monoclonal antibody to liposomes 
(Kirpotin et al 1997). 
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Characterization of conjugates 
A previous study showed that a combination of 
phosphatidylcholine and the non-ionic surfactant 
polysorbate 80 enables the preparation of stable 
lipid emulsions with a particle diameter of 
(approx.) 50 nm (Lundberg 1993). Coating of such 
emulsion particles with PEG-DPPE results in a 
prolonged circulation time after parenteral admin- 
istration (Lundberg et al 1996). These submicron 
lipid emulsions have been shown to be excellent 
drug carriers for solubilization of lipophilic anti- 
cancer drugs (Lundberg 1994, 1997, 1998). The 
stable association of LL2 with the drug-carrier 
emulsions was determined by gel chromatography 
on a Sepharose CL-4B column and sucrose density- 
gradient centrifugation (Figure 3). The gel filtration 
profile contained a symmetrical peak where the 
^25i-iabelled protein component coeluted with the 
emulsion fraction labelled with the lipophilic 
fluorescence marker Dil. In sucrose density- 
gradient centrifugation components labelled in the 
same way appeared as peaks at densities of 
1-07 gmL"* (approx.) 

Immunoreactivity of LL2- emulsion conjugates 
The monoclonal anti-idiotype antibody, WN, to 
LL2 was used to determine LL2 immuno- 
reactivity. WN is exquisitely specific for LL2 and 
reacts with no other monoclonal antibody and 
inhibits the binding of LL2 to Raji cells (Losman et 
al 1995). The binding values presented in Table 1 
clearly show that binding increases with the num- 
ber of LL2 molecules per emulsion globule and 
exceeds that for free LL2 at ca 20 monoclonal 
antibody molecules/globule. The result is, how- 
ever, obscured because binding of one emulsion- 
conjugated LL2 results in association with WN of 
the rest of the monoclonal antibody molecules on 
the same particle. Despite this complication the 

Table 1. Evaluation of the immunoreactivity of emulsion- 
LL2 conjugates by ELISA. 



Figure 3. Characterization of lipid emulsion -LL2 complexes 
by A. sucrose density-gradient centrifugation and B. gel 
filtration on a Sepharose CL-4B column. LL2 was quantified 
by measurement of '^^1 radioactivity (O) and the emulsion 
core by Dil fluorescence (V). Insert Schematic diagram of 
emulsion -LL2 globule. 



Monoclonal antibody /emulsion 


LL2 binding 


particle ratios 




5: 1 


3M±3-8 


10: 1 
20: 1 
40: 1 


77-5 ± 1-8 


n2'2±5-9 


l23-2±3-2 



The plates were coated with the anti-idiotype monoclonal 
antibody WN, and alkaline phosphatase-conjugated free and 
emulsion-associated LL2 with different monoclonal antibody/ 
emulsion particle ratios were added to the plates. After h 
incubation the binding of alkaline phosphatase-conjugated LL2 
was measured (free LL2= 100). Values are means ± standard 
deviations, n=:4. 



1104 



BO B. LUNDBERG ET AL 




=0- 



Concn antibody i/jg mL"^) 

Figure^4- Competitive binding ELISA with WN IgG-coated 
plates of alkaline phosphatase-conjugated free (A) and emul- 
sion-associated LL2 with monoclonal antibody/emulsion par- 
Ucle ratios of 5 : 1 (O), 10 : 1 (V), 20 : 1 (□), and 40 : 1 (O) 
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Figure 5. Cell-binding assay of emulsion -alkaline phospha- 
mse-conjugated LL2 complexes (20 monoclonal antibo- 
dies/emulsion particle) with Raji (O), Ramos (□), and 
Uaudi (V) cells. The binding is given as percentage of free 



results strongly indicate that the immunoreactivity 
of the conjugated monoclonal antibody is pre- 
served. The immunoreactivity of conjugated LL2 
was further tested with competitive binding ELISA. 
The results, presented in Figure 4, show that dis- 
placement curves were similar for free and emul- 
sion-bound alkaline phosphatase-conjugated LL2 
coincubated with excess free LL2. The immuno- 
reactivity of the emulsion-LL2 conjugates was 
further verified by a cell-binding assay with alka- 
hne phosphatase-conjugated LL2 preparations. The 
results presented in Figure 5 show that at low 
concentrations the binding of LL2-emulsion 
complexes and free LL2 was similar, but the rela- 
tive binding affinities of the complexes decreased 
with increasing concentration. 



Previous papers from this laboratory have describ- 
ed the preparation, drug incorporation, antineoplastic 
activity and in-vivo behaviour of drug-carrier lipid 
emulsions. This study is a further step towards a more 
specific delivery system whereby drug-carriers can 
be supplied with a homing device in the form of a' 
monoclonal antibody against an internalizing antigen 
on cancer cells. We believe that lipid emulsion-LL2 
conjugates are a potential targeting system for more 
specific delivery of anticancer agents to neoplastic 
cells. 
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association to BSA than (he remain in^z six *''^"Tc complexes. The six 
''''"'Tc complexes exhibited selective accumulation in hypoxic CHO cells 
(2.2 to 7.5 fold increases in accumulation at 6 h vs. 5 min) compared to 
aerobic cells (1.0 to 2.6 fold increases). Conclusion: These complexes 
show promise for imaging tumor hypoxia. The amine-dioxime class of 
chelator is flexible and convenient for varying the Hpophilicity of a '^^"Tc 
complex, in loading different functional groups in place of 2-ni- 
troimidazole, and in the preparation of mixed-ligand complexes. 

No. 1025 

{'"FIFLUOROCHOLINE (FCH) AS AN ONCOLOGIC PET 
TRACER: EVALUATION IN MURINE PROSTATE CAN- 
CER XENOGRAFT MODEL. T. R. DeGrado*, R. E. Cole- 
man, S. W. Baldwin, M. D. Git, C. N. Robertson, and D, T. 
Price, Duke University Medical Center, Durham, NC. (100405) 

Objectives: ["CjCholine (CH) has shown utility for PET imaging of 
prostate cancer metastases and brain tumors. An '^'F-labeled analog of CH 
may have utility for clinical PET scanning if the tracer is similarly taken 
up by malignancies. Methods: No-carrier-added ['^F]FCH was synthe- 
sized by a two-step procedure through the intermediate, BrCHj'^'F. 
BrCHj'^F was isolated by gas chromatography and reacted with di- 
methylethanolamine in acetone. The FCH was isolated on a cation- 
^ exchange SEP-PAK and eluted with sterile 0.9% NaCI. Biodistributions 
of FCH and ['*C]choline were evaluated simultaneously in athymic nude 
mice bearing subcutaneous PC-3 prostate cancer xenografts. Results: 
FCH was synthesized in -20% radiochemical yield and >98% radio- 
chemical purity in a synthesis time of -40 min. The biodistribution of 
FCH and CH were similar in normal tissues and PC-3 tumor with the 
exceptions of slower clearance of FCH from the kidneys. At 60-min p.i., 
FCH uptake by tumor was greater than for CH (p<0.05), and tumor: blood 
ratio was on average 40% higher for FCH relative to CH. The urinary 
bladder contained —10% and —1% of the injected dose with FCH and 
CH, respectively, at 30 min. Conclusion: A practical synthesis of FCH 
has been acheived. FCH may prove useful as a prostate cancer imaging 
agent for PET. Further evaluation of FCH in human patients with prostate 
cancer and brain tumors is ongoing. 



Uptake (%dose kg/ lOOg) of ('«F]FCH / P^|CH in PC-3 Xenograft Mouse Modef 



Time (min) (n) 


Tumor 


Blood 


Kidney 


10 (5) 


3.4±0.4/^3±0.9 


2.6±0.9/2.2±0.4 


120±30/107±6 


30(3) 


7.1±2.1/4.8±1.6 


3.3±0.2/1.5±0.9 


1t6±17/53±7.3 


60(5) 


7.9±5.0/6.7±4.3 


1.5±0.6/2.2±1.0 


94±31/41±15 



No. 1026 

BIODISTRTOUTION OF *"In AND LABELED AD- 
ENOVIRAL FIBER KNOB (AdFK) PROTEIN IN MICE. 

S. C. Srivastava*, G. E. Meinken, and P. Freimuth, Brookhaven 
NaUonal Laboratory, Upton, NY. (101199) 

Objectives: We have studied the biodistribution in mice of "'In and 
'^'I labeled AdFK protein to determine the effect of radiolabeling and the 
molecular size of sub-viral components on the natural binding to the 
coxsackievirus and adenovirus receptor (CAR)-expressing tissues. 
Methods: Recombinant AdFK (rod-shaped fiber proteins on the virus 
capsid contact CAR through a distal globular subdomain - the fiber knob) 
was synthesized in £. Coli as a trimeric molecule of 60kD. Conjugation 
with DTPA at 2 or 10 fold molar ratios of DTPA to AdFK, and labeling of 
the conjugates with ' "In or *^*I were carried out under various conditions. 
Binding activity of the DTPA conjugates was determined using reaction 
with biotinylated CAR followed by chemiluminescent detection. Biodis- 
tribution was studied following i.v. injection into mice. Results: In-vitro 
assays showed that the binding specificity to CAR was maintained only if 
the 6-Histidine extension on the AdFK (used for purification) was not 
removed prior to conjugation with DTPA. '"In-6-His-AdFK-DTPA was 
more preferentially taken up (%IDg at 6h) into lungs (6.0%) and liver 
(12.8%), indicating specific binding to CAR expressing organs. There 
was some uptake into other tissues as expected, but much less than the 
liver and the lungs. When the 6-HIS-AdFK-DTPA labeled with '^'i 
(lodogen method) was injected into mice, a similar trend was observed. 
Results with the 2X and I OX DTPA preparations were not statistically 
different. Conclusion: 6-HIS-AdFK-DTPA labeled with '"In and 
retains specificity of binding to CAR as shown from our in-vitro and in- 
vivo studies. There appears to be a protective effect of histidine without 
which the CAR binding specificity of both "'In and '^'I labeled AdFK- 



DTPA is compromised. Work supported by US DOE under Contract No. 
DE-AC02-98CHI0886. 



No. 1027 

SYNTHESIS, BIODISTRIBUTION AND IMAGING OF 
MAMMARY TUMORS USING '^"'Tc-EC.POLYGLUTA- 
MATE: A GLUTAMATE RECEPTOR PEPTIDE. E. E. 

Kim*, D. J. Yang, J.-G. Choe, A. Azhdarinia, D.-F. Yu, F. Zare, 
N. Nair, and D. A. Podoloff, M.D, Anderson Cancer Center, 
Houston, TX; Korea University Hospital, Seoul, South Korea. 
(101181) 

Objectives: Glutamic acid is a major excitatory neurotransmitter in the 
mammalian central nervous system. The mechanism of action of gluta- 
mate and polyglutamate peptide is via glutamate receptors. Glutamate and 
polyglutamate peptide bind to glutamate receptors. The receptors are 
overexpressed in certain tumors. We have developed ^""Tc-labeled poly- 
glutamate (MW. 750-1000) peptide using ethylenedicysteine (EC) as a 
chelator. This study aimed to evaluate its biodistribution and tumor 
imaging potential. Methods: EC was conjugated to an amino analogue of 
polyglutamate using N-hydroxysuccinimide and l-ethyl-3-dimethyl- 
aminopropyl carbodiimide as coupling agents. After dialysis and lyophili- 
zation, yield was 80%. EC-polyglutamate was labeled with in the 
presence of tin (II) chloride. Stability assay was performed in dog serum. 
Tissue distribution and planar imaging of ^*^c-EC- polyglutamate were 
performed in breast tumor-bearing rats at 0.5-4 h. The data was compared 
to that using ^"Tc-EC (control). ResulU: The labeling efficiency of 
'^c-EC-polyglutamate was 95-99%. No degradation product of ''^"Tc- 
EC-polyglutamate in dog serum was observed at up to 4 hours. In vivo 
biodistribution of ^"Tc- EC- polyglutamate peptide in breast tumor-bear- 
ing rats showed increased tumor-to-blood, tumor- to- lung, tumor-to-brain 
and tumor-to-muscle ratios as a function of time. Conversely, tumor-to- 
blood values showed time-dependent decrease with ^**^c-EC in the same 
time period. Planar images confirmed that the mmors could be visualized 
clearly with ^*^c-EC-polyglutamate from 0.5 to 4 hours. Conclusion: 
The results indicate that *^c-EC-polyglutamate, a glutamate receptor 
peptide, may be useful in oncology imaging. 

No. 1028 

LABELING ANTISENSE DNA WITH **"Tc LEAVES HY- 
BRIDIZATION UNAFFECTED BUT CAN HINDER CELL 
MEMBRANE TRANSPORT, Y. M. Zhang*, Y. Wang, 
N. Liu, Z. Zhu, M. Rusckowski, and D. J. Hnatowich, Univer- 
sity of Massachusetts Medical School, Worcester, MA; Univer- 
sity of Massachusetts, Worcester, MA. (5(X)220) 

One outstanding question concerning antisense targeting is whether the 
chemical modifications of DNA to permit radiolabeling interferes with 
hybridization and target cell accumulation. Objectives: The influence of 
chemical modifications to an antisense DNA in connection with^"Tc 
labeling was investigated. Methods: An l8-mer phosphorpthioate DNA 
antisense to the mRNA of the RIa subunit of PKA was conjugated with 
NHS-MAG3 via a primary amine/linker. Results: By surface plasmon 
resonance, the association kinetics between * 'native" (i.e. without amine/ 
linker) DNA and MAG3-amide/linker-DN A were identical. Melting tem- 
peratures were also identical for native DNA, amine/linker-DNA and 
MAG3-amide/linker-DNA. Thus these chemical modifications had no 
influence on hybridization. Cellular uptake was tested in ACHN tumor 
cells. An antisense effect was suggested by consistently higher cellular 
accumulation of antisense DNA than sense (control) DNA when both 
were labeled with "S. The cellular accumulation of this label was found 
to be identical when cells were incubated with amine/linker-DNA or 
MAG3-amide/linker-DNA (altfiough native DNA showed significantly 
lower accumulation). These chemical modifications therefore had no 
negative effects on cellular accumulation. After radiolabeling with ^"™Tc, 
size exclusion HPLC analysis showed immediate protein binding in 
serum, however even after 24 hrs in cytosol, radiolabeled and viable DNA 
was still detectable. Significantly increased cellular accumulation was 
again observed following incubation of cells with antisense DNA relative 
to sense DNA, now labeled with ^""Tc. However, cellular accumulation 
of '^"Tc was lower than that seen under identical conditions with -^^S. By 
demonstrating identical egress of both labels from cells, the lowered 
accumulation was determined to be due to decreased cell membrane 
ingress of ^™Tc labeled DNA. Conclusion: Radiolabeling of antisense 
DNA with ^"*Tc had no influence on hybridization, however cell mem- 
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Abstract 

Glycosyl-phosphatidylinositol-anchored folate receptors (FR) have physiologic 
and pharmacologic relevance in mediating cellular and transcellular folate/anti- 
folate transport. Three FR isoforms with differing relative affinities for folates 
and expression patterns in normal and malignant cells/tissues are recognized, but 
the precise mechanism of cellular entry of folate via FR remains controversial. 
Although FR expression allows previously FR-deficient cells to survive a re- 
duced folate milieu, an inverse relationship between FR expression and cell 
proliferation has been established in some cells. The inverse regulation of FR 
expression by the extracellular folate concentration suggests heterogeneity in 
underlying mechanisms. Whereas reduced FR expression is yet another mecha- 
nism for acquiring an ti folate resistance, overexpression of FR does not invariably 
render cells more sensitive to an ti folates. The exploitation of FRs as Trojan 
horses to deliver fol ate -tagged liposomes bearing diverse cargo represents a 
novel therapeutic strategy to target FR-expressing cells. Finally, a critically 
important role of human placental FR in mediating matemal-to-fetal transpla- 
cental transport of folates has been established. Thus. FR appear to have a major 
impact on several aspects of human physiology and medicine. 
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INTRODUCTION 

The shutdown of DNA synthesis and one-carbon metabolism arising from 
folate deficiency perturbs the cell cycle and results in megaloblastosis, which, 
if uncorrected, leads to premature cell death, with characteristic clinical pres- 
entations (5). Acquisition of folate, therefore, is critically important to the 
viability of proliferating cells (4, 28). In general, folate transport involves 
translocation of the ligand into cells from the extracellular compartment (i.e. 
cellular uptake mechanisms) and across cellular barriers from one compartment 
to another (i.e. U-anscellular mechanisms). Since the last comprehensive review 
on the biological chemistry of folate receptors (FR) (4), several studies have 
provided new insights into their biological function. This review highlights 
these issues, with an emphasis on nutritional aspects of FR-mediated cellular 
and transcellular folate transport. [Due to space limitations, the bibliography 
has been generally restricted (with the exception of molecular biology-related 
data) to those papers published in the past five years. The reader is referred 
to previous reviews (4, 28) for important references of historical interest] 

The basis for separate classification of the components and mechanisms for 
cellular folate u-ansport was outlined previously (4). The reduced-folate carrier 
(RFC) is a low-affinity, high-capacity system that mediates the uptake of 
reduced folates into cancer cells, predominantly at pharmacologic (micromo- 
lar) extracellular folate concentrations (EFC). A RFC cDNA (22) that restores 
sensitivity to a methotrexate transport-resistant cell line functionally deficient 
in RFC encodes a 58-kDa polypeptide and resembles the mammalian glucose 
transporter (GLUT 1), a member of the 12 transmembrane domain-spanning 
membrane transporter family. Although RFC systems have not been defini- 
tively shown to exist in normal human cells through functional studies, this 
deficiency in data should be rectified shortly. Cellular folate transport can also 
be mediated by 38- to 44-kDa membrane-associated folate-binding proteins 
(FBP) or FR (these terms are used synonymously throughout), which bind 
physiologic folates with high affinity in the nanomolar range. The third path- 
way for cellular folate transport via passive diffusion was only documented as 
a phannacologic effect (4). However, new data indicate that it is an integral 
part of transplacental folate transport occurring in concert with FR (29). 

Transcellular folate transport systems include transport across the placenta, 
renal tubular cells, and the blood-brain barrier/blood-cerebrospinal fluid bar- 
rier. Although these barriers overexpressed FR (4). their functional role has 
been unclear until recently. 
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STRUCTURE OF FOLATE RECEPTORS 
Molecular and Biochemical Aspects 

Three human FR cDNA isoforms, FR-a (14. 19, 24, 37, 65), FR-B (53. 58), 
and FR-Y(69, 70), and two related cDNAs from murine L1210 cells (12) have 
been cloned. Although the open reading frames and the 3'-untranslated regions 
of the reported FR-a cDNA are identical, their 5'-untranslated regions are 
heterogeneous in length and sequence. The genomic organization of human 
FR genes (14, 57) has been identified in chromosome 1 Iql3.2->ql3.5, where 
four FR-related genes were found within a 140-kilobase (kb) region. The FR-a 
and FR-B genes were in sequence (< 23 kb apart), with two additional FR-re- 
lated genes or pseudogenes located upstream of the FR-a gene. Genomic 
clones containing FR-6 have been independently isolated by Elwood's and 
Rothenberg's laboratories (53. 64). The FR-6 gene is -5 kb long and has five 
exons and four inlrons. The promoter lacks TATA and CAAT elements but 
contains sequences recognized by the ets oncogene-encoded transcription fac- 
tor and SPl , which may regulate expression of FBPs (64). Tlie genomic DNA 
sequence of the FR-a gene is not yet published, but its structure is more 
complex than FR-B. Although the number of exons and introns were different 
in two preliminary studies (53, 63), a recent report indicates that FR-a contains 
at least two independent, tissue/cell-specific functional promoters. Interest- 
ingly, one promoter is located within an intron and contains three clustered 
SPl binding sites and an initiator region, all of which are necessary for basal 
promoter activity (67). 

With possible exceptions, FR are glycosyl-phosphatidylinositol (GPI) an- 
chored (43, 73, 77). [Although FR-y was originally believed to be GPI anchored 
(69). further analysis (70) revealed it was a secretory form predominantly 
expressed in hematopoietic cells.] The (O locus is the amino acid to which a 
preformed GPI anchor is added following posttranslational cleavage of a car- 
boxyl-terminal domain of the nascent polypeptide by a GPI transamidase (8). 
Although data from the cDNA and amino acid analysis of a GPI-anchored 
protein can predict the © locus with -1CX)% accuracy (8), this locus has not 
been ascertained directly from mature FR. Now, recent molecular studies on 
FR-a and FR-6 suggest Ser-234 and Asn-230, respectively, as the preferred 
sites of GPI-anchor attachment (85). 

Ugand Binding by FR 

Analysis by circular dichroism has identified conformational changes follow- 
ing folate binding to FBP (35), and the increase in folding stability induced 
by ligand binding is derived from ligand-induced aggregation of these proteins. 
There are diverse intracellular folate-dependent enzymes with little homol- 
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ogy in their primary structure to FR/FBP that interact with folates (5). Although 
hunian saliva contained species with low epitope relaledness to FBP, only a 
minor fraction of these FBP specifically bound folate with high affinity. The 
major fraction did not contain bound endogenous folate and did not bind 
radiolabeled folates (i.e. nonfunctional FBP) (76). Other mutant FBPs have 
subsequendy been described (51). In general, however, nonfunctional FBPs 
can be mimicked in numerous trivial ways; These relate to prior occupancy 
of the ligand-binding site by folate (21). the presence of potential inhibitors 
of folate binding (72), destruction of the ligand-binding site of FBPs shortly 
after synthesis by potential proteases, cross-reacting species with a different 
preferred ligand than folates (86). or aglycosylated forms not yet posttransla- 
tionally processed to acquire functionally active ligand-binding sites (46). 
Thus, it is imperative to subject putative nonfunctional proteins to rigorous 
biochemical tests (ideally, after their isolation) before a FBP can confidently 
be assigned nonfunctional status. For example, in the instance that a nonfunc- 
tional FBP binds endogenous folate with a higher affinity than normal folate, 
there is the possibility that bound endogenous folate may not be dissociated 
, by low pH (the method conventionally used). Naturally, this FBP will not bind 
exogenous radiolabeled folate, leading to the erroneous conclusion that the 
FBP is a nonfunctional species. Denaturation of FBPs will release endogenous- 
bound folates, with restoration of ligand-binding capacity on subsequent re- 
naturation (76). Therefore, at a minimum, any putative nonfunctional species 
must withstand this degree of experimental scrutiny to eliminate trivial expla- 
nations. No less unusual are dominant negative phenotypes of mutant FR (52), 
but here additional controls are necessary. Clearly, demonstration that isolated 
mutant FR also confer a dominant negative phenotype to endogenous FR and 
assurance that transfected plasmids did not alter the regulation of endogenous 
FR. or sequester them into subcellular compartment(s) inaccessible to radio- 
labeled folate applied to the cell surface, would reduce ambiguity. Such studies 
could also provide an intellectual framework for understanding the functional 
basis of these mutant phenotypes. This concept (52) is nevertheless intriguing 
and again highlights a relationship between aggregation of FR and changes in 
affinity for folate. Finally, it would be of exceptional interest if dominant 
negative FR were actually identified in vivo. 

Ratnam's laboratory has determined that FR-a are predominantly expressed 
in most normal and malignant epithelial tissues (with the exception of sarco- 
mas) (60). This is significant because FR-a and FR-B exhibit differences in 
relative affinities (compared with folic acid) for the {6S) (physiologic) and 
(6^) (unphysiologic) diastereoisomers of various folates (80). For example, 
(65)5-methyltetrahydrofolate, (65)5-formyItetrahydrofolate. and methotrexate 
bound FR-a with ^50-. -100-, and -20-fold more affinity, respectively. How- 
ever, (6/?) forms bound FR-a only -2- and 4-fold more avidly. In contrast. 
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FR-B bound (6/?) forms -7 and 12 times more tighUy than (65) forms. Such 
data have been confirmed with murine PR (1 1). The newer antifolate, (65)5,10- 
dideazatetrahydrofolale, which is preferentially transported at nanomolar con- 
centrations via FR (54), showed -lO-fold greater affinity for FR-a than for 
FR-B; these {6S) forms also had ~3-fold higher affinity for FR-a than (6/?) 
fonms had. Conversely, (65) and (6/f) forms had comparable affinity for FR-6, 
Thus, pending direct experiments, a reasonable assumption is that the net 
efficiency of transport of various folates into cells would depend on the relative 
expression of one FR isoform over the other. Such data may eventually be 
important in optimizing efficient delivery of antifolates to effect maximal 
cytotoxicity of target cells while protecting normal cells. 

Although limited site-specific mutagenesis has not yet characterized the 
ligand-binding site of FR (16), some unusual issues related to this domain in 
salivary FBPs (76), in different FR isoforms (11, 80), and in nonfunctional/mu- 
tant FBPs may only be resolved by analysis of the crystal structure of these 
proteins, which will shortly be reported on. 

TRANSCELLULAR FOLATE TRANSPORT VIA FOLATE 
RECEPTORS 

Maternal'tO'Fetal Transplacental Folate Transport 

Pregnancy is the most common cause of megaloblastic anemia in adults world- 
wide; and with lactation, folate requirements increase 5- to 10-fold more than 
in nonpregnant women (to 300 - 400 g/day), for growth of the fetus, placenta, 
and maternal tissues (5). This demand for folate, which is further aggravated 
by increased folate catabolism during pregnancy (50), must be met by adequate 
dietary intake. Since folate deficiency during pregnancy leads to decreased 
placental weight and premature, low-birth-weight infants, administration of 
folate supplements from the outset of pregnancy diagnosis has been routine 
(5, 6). However, the landmark study from Hungary indicates the necessity of 
periconceptional folate supplementation for healthy women to reduce the inci- 
dence of neural-tube defects (spina bifida, meningocoele, anencephaly) in their 
babies (20). In addition to demonstrating that periconceptional folic acid in 
higher doses (4 mg/day) protects -75% of fetuses of women at risk (50a), such 
data highlight the importance of folates in neurologic development But how 
do folates traverse the placenta from mother to fetus? 

The clinical observations (5) that folate-deficient mothers deliver babies 
with normal folate stores invariably recall the metaphor of the fetus as a 
parasite. But this fact is also a vivid, physiologically relevant "experiment of 
nature" (and thank God for such reproducible and successful experiments!) 
that proves there exists a clearly defined mechanism to protect the fetus from 
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Figure I Diagrammatic representation of matemal-to-fetal transplacental folate transport 
involving folate receptors. (Adapted from Reference 29.) 



the consequences of folate deficiency during critical stages in its growth and 
development. Curiously, although this system is concentrative and resistant to 
decreased maternal folate, it is sensitive to maternal folate loads such that, 
when presented with higher-than-normal folate levels, transport to the fetus is 
enhanced. So why has such a remarkable homeostatic system that favors fetal 
folate acquisiticm not been mechanistically defined? A major stumbling block 
has been the paucity of good models. Accordingly, with the collective ex- 
perience of GI Henderson and S Schenker, acknowledged leaders in this field, 
an ex vivo placental cotyledon perfusion model was used to test the hypothesis 
that under physiologic conditions, placental FRs played a major functional role 
in transplacental folate transport. This model had a decided advantage in 
allowing individual perfusion and sampling of maternal and fetal compart- 
nnents in studies that lasted ^ h per freshly delivered placenta. 

The results of these collaborative studies (29) indicate that net matemal-lo- 
fetal folate transfer is a process consisting of two steps. The first step is 
the concentrative component in which circulating 5-methyltetrahydrofolate is 
bound to (captured by) placental FR on the maternally facing chorionic surface. 
Although kinetics favor binding, a dynamic state exists wherein a gradual 
release of 5-methyltetrahydrofolate finom this pool adds to incoming circulating 
folates to generate an intervillous blood level approxiniately three times that 
in the nfiatemal blood. In the second step, folates are transferred to the fetal 
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circulation along a downhill concentration gradient. Thus, it turns out that the 
prodigious, reversible, high-affinity binding of maternal folates by placental 
FR (77) is the key to mediation of transplacental folate transport. In fact, once 
captured, placental FR-bound folates are predestined for transplacental folate 
transport, since incoming (dietary) folates displace placental FR-bound folates 
that then passively diffuse down a concentration gradient to the fetus. And so 
this elegant cycle goes on, assuring continued unidirectional transplacental 
folate transport (Figure 1). As only FR-a was identified in normal trofrfioblasts 
(56), this form likely mediates this process, [FR-B may have derived (4, 58) 
from sheared matemal decidua during delivery.] 

Renal Folate Conservation 

Selhub and colleagues have accumulated data that strongly support the con- 
clusion that folate transport across proximal renal tubular cells involves FR- 
mediated endocytosis (briefly reviewed in 68). Significantly, electron micro- 
scopy and autoradiography following infusion of radiolabeled folate revealed 
movement of the label as a function of time from proximal tubule brush borders 
to endocytotic vesicles and lysosomes (30). Thus, a likely scenario is that after 
glomerular filtration, the luminal folate binds FR in the brush-border mem- 
branes of proximal renal tubular cells and is internalized rapidly via FR-me- 
diated endocytosis; in the low pH of endocytotic vesicles, there is dissociation 
of the folate and slow transport across the basolateral membranes into the 
blood with recycling of apo-FR back to the luminal brush-border membrane 
(68). 

CELLULAR TRANSPORT OF FOLATES VIA FOLATE 
RECEPTORS 

As highlighted earlier (4), the pathway(s) for entry of folates and antifolates 
is likely to be distinct in different cells, depending on the relative efficiency 
of FR- and RFC-mediated mechanisms, as well as on the intra- and extra- 
cellular concentration of folates and antifolates. 

Is there anatomic or functional coupling between the FR and RFC? Earlier 
studies had established that FR-mediated uptake was quite independent of. and 
did not require the participation of, the RFC (4). Independent data from a 
variety of models, including transplacental folate transport (29), cloning of 
RFC cDNA (22), and transfection of RFC-defective cells with FR cDNA (23, 
72), have come to similar conclusions. However, this ignores earlier data from 
Kamen and Anderson's group, which spawned the concept of linkage of FR 
and the RFC/(anion channels) in potocytosis, the paradigm for receptor-medi- 
ated uptake of small molecules via caveolae (caveolae are invaginations in the 
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plasma membrane and are distinct from classic clalhrin-coated pits, which are 
involved in receptor-mediated endocytosis) (2, 3, 61). In this hypothetical 
model, folates bind to GPl-anchored FR, which then moves into caveolae. The 
mouths of caveolae then transiently seal, and the enclosed FR-bound folate is 
dissociated by acidification followed by transport of the released folate into 
the cytoplasm via anion channels, while apo-F^s are recycled to bind more 
folate. 

The finding that probenecid-inhibited uptake of folate suggested that anion 
channels were involved in /ran^-caveolar translocation of the ligand to the 
cytosol (36). Moreover, while activators of protein kinase C did not inhibit 
endocytosis via clathrin-coated pits, they inhibited the internalization of folate 
coincident with demonstration of a reduction in the number of invaginations 
of caveolae (71). Furthermore, lowering the cholesterol content of cells inhib- 
ited FR-mediated folate transport coincident with disruption of the clustered 
organization of FR and the integrity of caveolae (15). However, Goldman's 
laboratory recently reported (72) that probenecid inhibits folate interaction 
with FR in a dose-dependent manner. These data have indirectly raised ques- 
tions about the validity of earlier conclusions from studies with probenecid 
(36) and have also served to highlight the importance of the electron micro- 
scope demonstration of movement of directly labeled folate or FR into caveo- 
lae. 

Now a new revelation (49) in the form of additional control experiments 
formally questions the validity of the entire concept of polocytosis and the role 
of caveolae in FR-mediated folate uptake (2, 3). This controversy is dramatized 
by the fact that the protagonists involve the lead and senior author of the 
original report describing the potocytosis model (62). At issue is the surprising 
identification (49) that sequestration of FR (and other GPI-anchored proteins) 
into discrete clusters is dependent on cross-linking by a second antibody. Thus, 
when the primary anti-FR antibody was directly labeled, there was no cluster- 
ing in the absence or presence of folate (49). These authors concluded that 
their data "[ai^gue] strongly against the potocytosis model of folate uptake." 
Moreover, the earlier data that "GPl-anchored proteins are excluded from 
coated pits may be explained by the ability of GPl-anchored proteins to 
redistribute to caveolae artifactually during the process of immuno-localiza- 
tion, thereby apparendy depleting coated pits of GPI-anchored proteins" (49). 
Anderson's group have countered that the primary antibody to FR per se may 
have prevented clustering (59). Hiey generated additional data pointing to a 
differential regulatory role of wild-type (GPI-anchored) FR versus chimeric 
FR targeted to clathrin-coated pits; this provides some more support for a role 
of caveolae in regulating FR-mediated folate uptake (59). However, since net 
uptake of folate was equally good when folate was internalized by wild-type 
and chimeric FR, it is still a matter of debate whether or not the differential 
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behavior observed "formally establishes that coated pits are not normally used 
for the endocytosis of folate" (59). Thus, although there has been substantial 
(albeit mostly indirect) support for involvement of caveolae in GPI-anchored, 
FR-mediated folate transport via potocytosis, direct demonstration of FR with- 
in these organelles has remained elusive. Notwithstanding, there is independent 
support for a probenecid-sensitive folate transporter in choriocarcinoma cells 
that is driven by a transmembrane H+ gradient generated by a membrane-as- 
sociated vacuolar type H(+)-pump (55). Although studies on transcellular 
folate transport have ruled out a role for anion channels, such channels could 
be uniquely required for cellular folate transport into malignant/immortalized 
cells. Thus, it is entirely plausible that FR may interact with this (non-RFC) 
pump in some cells to explain the earlier data (36). However, as of now, we 
are still some way from resolving this charged controversy. 

Is there an interrelationship between FR and the RFC? Both methotrexate 
and 5,10-dideazatetrahydrofolate utilize both RFC and FR for transport into 
cells (4, 54). However, the major determinants of net antifolate transport are 
the prevailing EFC, the concentration of antifolate. and the extent of RFC and 
FR expression (4). Cell lines have been isolated for primary resistance to 
methotrexate through defective RFC, but which also overexpress FR (10). 
Because this mutation in overexpression of FR in these cells allows for con- 
tinued growth in folate-depleted media, the expression of FR clearly had a 
salutary effect for these neoplastic cells in that it compensated for defective 
RFC expression. 

Do the RFC- and FR-mediated folate-transport systems communicate with 
one another? Apparently not. Thus, beginning with wild-type breast cancer 
cells, which only exhibited RFC-mediated folate transport, and a methotrexate- 
resistant mutant cell line, Cowan's laboratory studied the potential interaction 
of the RFC and FR after transfection of FR-a cDNA (23). After transfection. 
both wild-type and methotrexate transport-resistant cells that previously re- 
quired >100 nM of folic acid for growth were able to grow in 1 nM folic acid. 
Furthermore, methotrexate transport-resistant cells, which were unable to grow 
in I |iM 5-formyltetrahydrofolate were now also able to grow in 1 nM S-for- 
myltetrahydrofolate. Since FR expression allowed both cell types to accumu- 
late similar (albeit increased) amounts of folic acid, 5-formyltetrahydrofolate, 
and methotrexate, these data allowed for the conclusion that the FR fiinctioned 
independently of RFC expression, and vice versa (i.e. alteration of RFC func- 
tion failed to affect FR function). Parenthetically, in contrast to data from 
Elwood's laboratory (17), these cells did not exhibit an increased sensitivity 
to methotrexate. Moreover, their apparently paradoxical resistance to the lipo- 
philic antifolate, trimetrexate, suggests that these cells were rescued by FR- 
mediated uptake of 5-formyltetrahydrofolate. These contradictory results (17, 
23) from different breast cancer cell lines are examples where additional 
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variables likely play a role. Thus, ihe sensitivity of cells to antifolates may not 
be invariably enhanced by transfection or transduction of FR genes, and spe- 
cific studies with several malignant and normal cells will be required to 
comprehensively test this hypotheses in vitro and in vivo. Recently, Schomagel 
and Jansen's group have also independently arrived at a similar conclusion 
(84). 

How efficient are the two systems in transport of methotrexate? Goldman's 
laboratory compared the transport of methotrexate in L1210 ceUs, which ex- 
pressed only RFC, and a mutant LI 2 10 cell line with a defective RFC that 
was transfected with FR cDNA. Hie conclusion of this study was significant 
in that the RFC and FR functioned essentially independently of one another 
(72). More importantly, however, when enough FR were expressed, these 
proteins mediated the uptake of methotrexate and 5-methyltetrahydrofolate 
with comparable rates to cells expressing only the RFC. Thus, FR have both 
physiologic and pharmacologic importance, directly confirming several earlier 
studies (4). Once again, this may not be the case with all malignant human 
cells; for example, despite high FR expression, the RFC was recently found 
to be the preferential carrier of antifolates in some cells (84). 

Is there a role for FR in antifolate resistance? Yes. Methotrexate resistance 
can be due to alterations in dihydrofolate reductase (gene amplification or 
diminished affinity), reduced intracellular polyglu tarnation, increased efflux, 
or reduced transport via the RFC. Recent studies in cells that primarily depend 
on FR for folate uptake now also implicate a reduction in expression of FR 
(66). Thus, if similar mechanisms operate in vivo, it could likewise adversely 
influence methotrexate and 5,10-dideazatetrahydrofolate uptake (23, 27) into 
tumors that mainly depend on FR-mediated transport, and negatively impact 
therapy. 

EXPRESSION AND REGULATION OF FOLATE 
RECEPTORS 

Expression ofFR 

Polyclonal and monoclonal antibodies used against FR from a variety of 
sources demonstrated cross-reacting proteins in several normal and malignant 
human cells/tissues (Table I). However, without confirmatory data with mo- 
lecular and other biochemical methods (60), it may be premature to make 
definitive conclusions on the extent of expression of FR, especially in cells/tis- 
sues that apparently do not have cross-reactive FR-like species on ceU surfaces. 
This relates to the fact that FR-negative tissues can be generated in vitio even 
from tissues that overexpress FR. A good example is human placenta, where 
a time-dependent release of hydrophilic FR from placental membranes medi- 
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TaMe 1 Folate receptor (FR) expression in normal and malignant human tissues 



Cells/tissues Detenninants 



Expression 



Normal 



Malignant 



Gemtourinary system 

Central nervous system 
Hejnatopoietic system 

Gastrointestinal systeni 
Respiratory system 
Endocrine systems 
Miscellaneous 



Consistently high and 
uniform expression 

Relatively lower, incon- 
sistent expression 



Placenta, chorionic villus, trophoblastic 
cells (29, 56» 75, 77, 83); fallopian 
tube, uterus, ovary (83); vas deferens, 
epididymis, semen (83); kidney 
(proximal tubules) (83) 

Choroid plexus epithelial cells, CSF (31, 
83) 

Hematopoietic progenitor cells 

[CFU-GEMM, CFU-GM, BFU-E. 

CFU-E] (7) 
Salivary (submandibular) (76, 83); 

colon (32) 
Bronchial glands and alveolar lining 

(type-I and-II pneumocytes) (83). 
Breast (acinar cells) (83) and human 

milk (4); thyroid, pancreas (83) 
Fibroblasts (4) 



Nasopharyngeal carcinoma (4); cervical 
carcinoma (73); ovarian carcinoma 
(19, 26, 74); choriocarcinoma (56) 

Endometrial carcinoma (26); breast 
carcinoma (4); primary brain tumors 
(81. 82); colorectal carcinoma (26, 37); 
sarcomas (60); renal cell carcinoma (26) 



ated by an EDTA-sensilive endogenous metalloprotease was demonstrated 
(77). Siniilar activation of the metalloprotease may also occur with apparently 
innocuous agents/buffers used in cell culture (25, 75). Hydrophobic FR can 
also be cleaved off the cell surface by GPl-specific phospholipases present in 
media (77) and trypsin (4). Furthemiiore, there may be FR isoform-specific 
differences in affinity for various antibodies (an unknowrn variable) or other 
intrinsic nuances in detecting FR expression (e.g. use of monoclonal versus 
polyclonal antibodies, or cells in suspension versus frozen/fixed tissues, etc). 
Thus, it is quite possible that additional tissues (not listed in Table 1) may be 
found to express FR. 

Regulators of FR Expression 

Conversion of hydrophobic GPI-anchored FR to hydrophilic FR as mediated 
by a metalloprotease (25. 75) or by GPI-specific phospholipases C or D (43. 
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77) can potentially be an important mechanism for posttranslational regulation 
of the expression of FR. However, no probes are available to directly study 
these hydrophobic FR-directed enzymes. We have recently isolated a FR-di- 
rected hydrophobic metalloprotease (85a) and should eventually be able to 
determine the potential significance of this protein in the regulation of FR 
expression and net folate transport. Although a major role for the metallopro- 
tease was not identified in the placenta at term (29), its activity could easily 
determine the extent of acquisition of folates by FR on trophoblasts, thereby 
influencing placental growth and development. The extent of contribution of 
hematopoietic cell FR-y (70), and the relative role of GPI-phospholipases 
versus metalloprotease in generating hydrophilic FBPs in serum, also awaits 
clarification. 

Regulation by the EFC 

The EFC inversely regulates FR expression (4. 28). In human nasopharyngeal 
carcinoma (KB) ceils, when FR was increased in response to low EFC, there 
was an increase in FR mRNA (65) as a result of increased mRNA stability 
(33). Conversely, with excess EFC of folates and antifolates, FRs were down- 
regulated with a reduction in FR mRNA (34). Although low-EFC-adapled 
L1210 cells exhibited a rearrangement in the locus upstream from the start 
codon of the FR gene (involving insertion of an intracistemal A particle) (13), 
this retrovirus-like sequence was unresponsive to the folate status of the cell. 
Thus, the reversible, physiologic mechanism(s) for transcriptional FR regula- 
tion by the EFC remains undiscovered. 

In general, steady-state up-regulation of FR accompanied by an increase in 
FR mRNA can result from increased rates of transcription of FR genes and/or 
increased stability of FR mRNA. In addition. FR up-regulation may involve 
independent changes in the translational or posttranslational pathways involv- 
ing FR metabolism (i.e. increased rate of FR synthesis, decreased rate of 
degradation of FR. or reduced activity of potential regulators of cell surface 
FR membrane association). Conversely, down-regulation of FR could be a 
function of independent or combined alterations in these parameters in the 
opposite sense, all of which constitute cellular FR metabolism. Thus far, 
however, studies on up- or down-regulation of FR have not comprehensively 
investigated each of these parameters of FR metabolism in response to low 
and high EFC. And whether one or more of the steps in the biosynthesis and/or 
degradation of FR is a dominant responsive parameter to changes in the EFC 
also remains to be determined. We have recently determined that in cervical 
carcinoma cells, regulation of FR expression by the EFC is primarily controlled 
at the translational level through dominant alterations in FR synthetic rates 
(45a). In addition, we have identified an I8-base m-element in the 5' untrans- 
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lated region of FR-a mRNA that specifically binds a 46-kDa cytosolic {trans- 
factor) protein (72a). Therefore, our immediate challenge is to determine the 
functional basis of this interaction in the regulation of PR, and specifically in 
response to changes in the EFC. 

FOLATE RECEPTORS AND CONTROL OF CELL 
PROLIFERATION 

Interaction of anti-FR immunoglobulin (Ig) G with FR on hematopoietic pro- 
genitors earlier led to increased cell proliferation that was independent of 
induction of megaloblastosis and intracellular folate deficiency (7). However, 
it was unclear whether anti-FR IgG perturbed a normally inhibitory role of FR 
or accentuated a stimulatory function of FR in cell proliferation (4). Further- 
more, was there a similar constitutive role for FR in control of cell proliferation 
in malignant cells? 

Recent studies have documented that transfection of FR cDNA into various 
cells that do not constitutively express FR (9, 17, 47, 48) led to greater 
proliferation and survival when compared with controls cultured in low EFC. 
Thus, FR clearly have an overall growth-promoting function. However, it is 
unclear whether these findings were due to independent effects of (a) a greater 
concentration of intracellular folates accumulated by FR cDNA-transfected 
cells (which prevented folate-deficient cell death at low EFC), {b) a prolifera- 
tive signal generated at the level of FR per se, or (c) a combination of both. 
To sort out these possibilities, we encapsidated FR cDN A in the sense/antisense 
orientation into infectious adeno-associated virions, transduced cervical carci- 
noma cells, and determined the functional consequences of over- and under- 
expression of FR on cell proliferation at high (micromolar) EFC (73). This 
latter issue was crucial to eliminate the variable of intracellular folates on cell 
proliferation among various cohorts studied, since micromolar EFC led to 
passive diffusion of folic acid into cells (4). When compared with antisense 
FR cDNA-transduced and untransduced cells, sense FR cDNA-transduced 
cells exhibited statistically significant increases in total FR, smaller colonies, 
lowered cell prohferation in vitro, and less tumor volumes with dramatic 
prolongation of tumor doubling times (225 versus 96 h) after transplantation 
into nude mice. In addition, with single cell-derived transduced clones, an 
inverse relationship between cell proliferation and FR expression was formally 
established (Figure 2) (73). 

Can these apparently opposing [e.g. growth-promoting (9, 17, 47, 48) and 
growth-inhibiting (73)] functions of FR be unified into a hypothesis linking 
folate deficiency, FR expression, and cell proliferation? Tliat malignant cells, 
which constitutively overexpress FR, can inversely regulate FR in response to 
EFC (4) is well documented However, in some (but not all) cell lines, up- 
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Folate Receptor Expression (pmol / mg protein) 



Figure 2 Relationship between cell proliferation and folate receptor expression. A total of 36 
randomly isolated, single cell clone-derived cell lines, 15 from sense FR cDNA-transduced cells 
(circles), 15 from antisense FR cDNA-transduced cells {triangles), and 6 from untransduccd control 
cells (squares), were analyzed for cell proliferation and FR expression. (From Reference 73.) 



regulation of FR is also accompanied with a prolongation in doubling time, 
and vice versa. Our recent data (73) therefore allow us to propose a simple 
hypothesis wherein the up-regulated FR in response to low EFC could serve 
to check proliferation of cells by moving them into the resting phase of the 
cell cycle — a beneficial way to reduce folate requirements under the stress of 
nutrient deficiency. Conversely, with nutrient excess, the ensuing down-regu- 
lation of FR could concomitanUy serve to release the normal inhibitory influ- 
ence of FR on cell proliferation, thereby leading to a permissive state for cell 
proliferation. If there is a similar inverse relationship between FR expression 
and hematopoietic progenitor cell proliferation, this could have other clinical 
significance^ For example, clonally derived hematopoietic cells fi"om patients 
with paroxysmal nocturnal hemoglobinuria, and which lack GPI-anchored 
proteins (including FR), have a selective proliferative advantage over normal 
cells — this results in excess hemolysis and impacts on the severity of clinical 
presentation. So it is not entirely unreasonable to ask if the lack of FR in 
affected cells has any role in determining their proliferative advantage over 
nonnal cells. 

EXPLOITATION OF FOLATE RECEPTORS AS TROJAN 
HORSES 

Colnaghi's group have used chimeric murine-human anti-FR antibodies to 
mediate cell kill of ovarian carcinoma cells in vitro (18); demonstration of 
similar data in vivo would indeed be an important and welcome addition to 
the oncologist's meager therapeutic armamentarium. 
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By covalently attaching folic acid via one of its free carboxyls to toxic 
proteins or liposomes containing biologically active agents, Low's laboratory 
exploited FR as Trojan horses to mediate the cellular uptake of these folate 
conjugates for therapeutic and diagnostic use. Of significance, die rate and the 
extent of endocytosis of internalized folate-conjugates was independent of the 
conjugated moiety but was dependent on the expression of apo-FRs (38, 40). 
Equally important, folate-conjugated proteins also retained their function once 
internalized via FRs (39). Thus, although the ribosome-inactivating protein, 
momordin, was nontoxic at micromolar concentrations, conjugation with folate 
rendered it cytotoxic at nanomolar concentrations (through high affinity inter- 
action with FRs). Actual translocation into the cytoplasm was also shown by 
using a translocation-defective (from endosomes to cytoplasm) Pseudomonas 
exotoxin coupled to folate that was internalized via FR into the cytoplasm, 
where it was lethal (42). Furthermore, since internalization was dependent on 
expression of FR, malignant cells that overexpressed FR were selectively 
targeted (41). 

The capacity to conjugate liposomes to folate by using polyethylene glycol 
(PEG, as a spacer) has significantly expanded the potential repertoire of this 
technology (44). When compared with conventional drug delivery, encapsu- 
lation of substances into liposomes (drugs, toxins, oligonucleotides) signifi- 
cantly protects this cargo from premature plasma degradation and retards their 
renal disposition. The generation of several-hundred folate-PEG tethers built 
into each liposome led to multiple simultaneous attachments to cell surface 
FRs. This fortuitously led to an increase in the binding affinity to FR by six 
orders of magnitude. Selective targeting to FR^xpressing cells has also been 
demonstrated with liposome-entrapped Doxorubicin (45) by using co-cultures 
of FR-overexpressing cancer cells and low-FR expressing normal cells. Inter- 
estingly, whereas free Doxorubicin entered both normal and cancer cells 
equally nonselectively, the folate-PEG-liposomes containing Doxorubicin ex- 
clusively entered, and thereby selectively killed, only cancer cells. FR-targeted 
liposomes have also been successfully employed for targeted cytoplasmic 
delivery of antisense oligodeoxynucleotides against the human epidermal 
growth factor receptor in KB cells (78). This technology is therefore ripe for 
clinical exploitation because agents of various molecular sizes, composition, 
and metabolism can be targeted for delivery to cells that express FR. 

Folate conjugated to ^^Ga-Deferoxamine has also shown promise in nuclear 
medicine and could replace ^^Ga-citrate, which is clinically employed as a 
tumor-specific imaging agent. Normally, tumor selectivity (usually >5:1 tu- 
mor:blood ratio) arises from transfer of ^^Ga-citrate to transferrin with sub- 
sequent binding of ^''Ga-transferrin to cancer cells that express transferrin 
receptors. With ^'^Ga-Deferoxamine-folate (79) used to image FR-expressing 
tumors in nude mice (when compared with ^^Ga-Deferoxamine or ^^Ga-cit- 
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rate), by 4 and 45 h postintravenous injection, the tumor:blood ratio of the 
^''Ga-Deferoxamine-folate had exceeded 400:1 and 1400:1, respectively (P 
Low, personal communication). Aside from the tumor, significant uptake was 
seen only in the liver and kidney through non-FR-mediated and FR-mediated 
mechanisms, respectively. Preclinical studies are underway and it may only 
be a matter of time before clinical trials are initiated. 

FUTURE DIRECTIONS 

Recent research on FRs has widened their scope and interest in several 
branches of biology and medicine. Because cellular folate/anti folate transport 
is a major determinant of sensitivity and/or resistance to cell proliferation, 
studies on transport of these ligands via FR into normal and malignant cells 
are of continued importance to hematology and oncology. Extension of studies 
on transduction of FR cDNA to modulate cell proliferation and their sensitivity 
to antifolates, combined with the exploitation of FR as Trojan horses, could 
have a major diagnostic and therapeutic impact in nuclear medicine, pharma- 
cology, and therapeutics. Discovery of the mechanism of placental FR in 
matemal-to- fetal folate transfer impacts on reproductive physiology and hu- 
man development within the context of nutrition, as well as on obstetrics and 
perinatology. This mechanism may be a paradigm for the transplacental trans- 
port of other small Af^ ligands that bind cognate placental receptors with high 
affinity. Together with data implicating FR in renal conservation of folates, 
these studies will be a beacon for future investigations on folate transport into 
the central nervous system. The studies with GPI-anchored FR-mediated folate 
uptake system as a paradigm for potocytosis (fueled by the recent controversy) 
will undoubtedly continue and, it is hoped, will resolve into a clearer under- 
standing of the underlying mechanism(s). The independent role of FR in 
constitutive control of cell proliferation has now evolved into a testable hy- 
pothesis that potentially places FR within the circuitry of the cell cycle. How- 
ever, the domain of the FR molecule responsible for the generation, as well 
as the type, path, and target, of the signal(s) transduced remains undiscovered. 
The nwlecular basis of regulation of FR by the EFC and selective tissue 
expression is still unclear, but the recent isolation of promoters for FR-a and 
FR-B genes and identification of c£r-elemenls in FR mRNA and the 46-kDa 
rroar-factors promise significant discoveries ahead. Such investigations will 
likely provide comprehensive information on the molecular mechanisms con- 
trolling regulation of FR at the transcriptional and posttranscriptional level. 
Moreover, having isolated the metalloprotease, we are also in a position to 
identify its regulatory role in FR expression. In summary, based on the sus- 
tained interest generated in the recent past along multiple fronts, the next few 
years will likely prove a period of intense activity and excitement arising from 
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neiw discoveries related to FR and FR metabolism. This would likely stem 
from advances developing at the molecular, biochemical, and cell biological 
realm, with subsequent translation to the area of diagnostics and experimental 
therapy encompassing various areas of clinical medicine. 

Acknowledgments 

This review on the state of the art is dedicated to all the investigators referenced 
below. It has been my honor and pleasure to analyze your work within the 
context of The Big Picture. However, the words from PauFs interpretation of 
(agape) love (naturally taken completely out of context) is worth recalling: 
"But when that which is perfect is come, then that which is in part shall be 
done away" (1 Cor. 13:10, King James Version). So 1 hope that future reviews 
will be able to highlight how little we really knew in 1995! 



Any Annual Review chapter, as wetl as any article cited in an Annual Review chapter, 
may be purchased from the Annual Reviews Preprints and Reprints service. 
l-«00-347-8007; 415-25^5017; email: arpr@class.org 



Literature Cited 



1. Deleted in proof. 

2. Anderson RG. 1993. Caveolae: where 
incoming and outgoing messengers 
meet. Proc. Natl Acad. ScL USA 90: 
10909-13 

3. Anderson RG, Kamen BA. Rothberg 
KG, 1-acey SW. 1992. Potocyiosis: se- 
questration and transport of small mole- 
cules by caveolae. Science 255:410-1 1 

4. Antony AC. 1992. The biological chem- 
istry of folate receptors. Blood 79:2807- 
20 

5. Antony AC 1995. Megaloblastic ane- 
mias. In Hematology, Basic Principles 
and Practice^ cdL R Hoffman, EJ Bcnz 
Jr, SJ ShallU, B Furie, HJ Cohen, LE 
Silberstcin, pp. 552^6. New York: 
Churchill Livingstone. 2ixJ ed. 

6. Antony AC. 1996, Pernicious anemia 
and oiher megaloblastic anemias. In 
Conn's Current Therapy — 1996, ed RE 
Rakel, pp. 350-53. Philadelphia: Saun- 
ders 

7. Antony AC, Briddell RA, Brandt JE, 
Straneva JE, Verma RS. et al. 1991. 
Megaloblastic hematopoiesis in vitro. 
Interaction of anti-folate receptor anti- 
bodies with hematopoietic progenitor 
cells leads to a proliferative response 
independent of megaloblastic changes. 
/ Clin, invest. 87:313-25 

8. Antony AC. Miller ME. 1 994. Statistical 
prediction of the locus of endopro- 



teolytic cleavage of the nascent polypep- 
tide in glycosylphosphatidylinositol-an- 
chored proteins. Biochem. J. 298:9-16 
9. Boitero F, Tomassetti A, Canevari S, 
Miotii S, Menard S, Colnaghi MI. 1993. 
Gene transfection and expression of the 
ovarian carcinoma marker folate bind- 
ing protein on NIH/3T3 cells increases 
cdl growth in vitro and in vivo. Cancer 
Res, 53:5791-96 

1 0. Brigle KE, Seither R, WesUn EH, Gold- 
man ID. 1994. Increased expression and 
genomic organization of a folate-bind- 
ing protein homologous to the human 
placental isofonn in L1210 murine leu- 
kemia cell lines with a defective reduced 
folate carrier. / BioL Chem. 269:4267- 
72 

11. Brigle KE, Spinella MJ, Westin EH, 
Goldman ID. 1994. Increased expres- 
sion and characterization of two distinct 
folate binding proteins in murine 
erythroleukemia cells. Biochenu Phar- 
ma:oL 47:337-45 

12. Brigle KE, Westin EH, Houghton MT, 
Goldman ID. 1991. Characterization of 
two cDNAs encoding folate-binding 
proteins from LI2I0 murine leukemia 
cells. Increased expression associated 
with a genomic rearrangement. / BioL 
Chem. 266:17243-49 

13. Brigle KE. Westin EH, Houston MT, 
Goldman ID. 1992. Insertion of an in- 



Annual Reviews 

www.annualreviews.org/aronIine 



518 ANTONY 

tracistemal A particle within the 5'- 
regulatory region of a gene encoding 
folate-binding protein in L1210 leuke- 
mia cells in response to low folate se- 
lection. Association with increased pro- 
tein expression. / BioL Chem, 267: 
22351-55 

14. Campbell IG, Jones TA, Foulkcs WD. 
Trowsdale J. 1991. Folate-bincfing pro- 
tein is a marker for ovarian cancer. 
Cancer Res. 51:532^38 

15. Chang WJ. Rothberg KG. Kamen BA. 
Anderson RG. 1992. Lowering the cho- 
lesterol content of MA 104 cells inhibits 
receptor-mediaied transport of folate. 7. 
Cell BioL 118:63-69 

16. Chung KN, Paik TH. Roberts S, Kim 
CH, Kirassova M. et al. 1994. Site-di- 
rected mutagenesis of tryptof^an resi- 
dues to conserved hydroiiiiobic residues 
inhibits the (vocessing of human KB 
cell folate receptor. ArcK Biochem, Bio- 
phys. 315:407-14 

1 7. Chung KN, Saikawa Y. Paik TH. Dixon 
KH, Mulligan T, et al. 1993. Stable 
transfectants of human MCF-7 breast 
cancer cells with increased levels of the 
human folate receptor exhibit an in- 
creased sensitivity to antifolates. J. Clin. 
Invest. 91:1289-94 

18. Coney LR. Mezzanzanica D. Sanbom 
D. Casalini P. Colnaghi Ml. Zurawski 
VR Jr. 1994. Chimeric murine-human 
antibocfies directed against folate bind- 
ing receptor are efficient mediators of 
ovarian carcinoma cell killing. Cancer 
Res. 54:2448-55 

19. Coney LR, Tomassetti A, Carayanno- 
poulos L. Frasca V. Kamen BA. et al, 
1991. Cloning of a tumor-associated 
antigen: MOvlS and MOvl9 antibodies 
recognize a folate-binding protein. Can- 
cer Res. 51:6125-32 

2a Czdzcl AE, Dudas I. 1992. Prevention 
of the first occurrence of neural-tube 
defects by periconceptional vitamin sup- 
plementation. N. EngL J. Med, 327: 
1832-35 

2L da Costa M, Rothenbeig SP. 1995. Pu- 
rification and characterization of folate 
bindiiig proteins from rat placenta. Bio- 
chim. Biophys. Acta. In press 

12. Dixon KH. Lai^her BQ Chiu J, Kel- 
ley K, Cowan KH, 1994. A novel 
cDNA restores reduced folate carrier 
activity and methotrexate sensitivity to 
transport deficient cells. / BioL Chem. 
269:17-20 

23. Dixon KH. Mulligan T, Chung KN, 
Elwood PC, Cowan KH. 1992. Effects 
of folate receptor expressicm following 
stable transfection into wild type and 
methotrexate transport-deficient ZR-75- 



1 human breast cancer cells. / BioL 
Chem, 267:24140-47 

24. Elwood PC. 1989. Molecular cloning 
and characterization of the human fo- 
late-binding protein cDNA from pla- 
centa and malignant tissue culture (KB) 
cells. J. BioL Chenu 264:14893-901 

25. Elwood PC, Demsch JC, Kolhouse JF. 
1991. The conversion of the human 
membfane-associated folate binding pro- 
tein (folate receptor) to the soluble folate 
binding protein by a membrane-associ- 
ated metalloprotease. J. BioL Chem. 266: 
2346-53 

26. Garin-Chesa P, Campbell 1, Saigo PE. 
Uwis J Jr. Old U, RetUg WJ. 1993. 
Tro(^oblast and ovarian cancer antigen 
LK26. Sensitivity and specificity in im- 
munopathology and molecular identifi- 
cation as a folate-binding proteia Am. 
J. PathoL 142:557-^7 

27. Habeck LL, Leitner TA. Shackelford 
KA, Gossetl LA. Schultz RM. el al. 
1994. A novel class of monoglutamated 
antifolates exhibits tight-bintfing inhibi- 
tion of human glycinamlde ribonu- 
cleotide formyltransf erase and potent 
activity against solid tumors. Cancer 
Res. 54:1021-26 

28. Henderson GB. 1990. Folate binding 
proteins. Anna. Rev. Nutr. 10:319-35 

29. Henderson GI, Perez T. Schenkcr S. 
Mackins J, Antony AC. 1995. Mater- 
nal-to-fetal transfer of 5-methyUetrahy- 
drofolate by the perfused human pla- 
cental cotyledon: evidence for a con- 
centrative role by placental folate re- 
ceptors in fetal folate delivery. J. Lab. 
CUn. Med. 126:184-203 

30. Hjelle JT. Christensen El. Carone FA. 
Selhub J. 1991. Cell fractionation and 
electron nucroscope studies of kidney 
folate-binding protein. Anu J. PhysioL 
26ftC33a-46 

31. Hcdm JS. Hansen SI, Hoier-Madsen M. 
Bostad L. 1991. High-affinity folate 
binding in human choroid plexus. Char- 
acterization of radioligand birxling. im- 
munoreactivity. molecular heterogen- 
eity and hy<bt)phobic domain of the 
binding protein. Biochem. J. 280:267- 
71 

3Z Hdm JS. Hansen SI Hoier-Madsen M. 
Sondergaard K. Bzorek M. 1994. The 
high-affinity folate receptor of normal 
and malignant human coloiuc mucosa. 
Acta PathoL MicrobioL ImmunoL 
Scandinavica 102:828-36 

33. Hsueh CT, Dolnick BJ. 1993. Altered 
folate-bincfing protein mRNA stability 
in KB cells grown in folate^ficient 
medium. Biochem. Pharmacol. 45: 2537- 
45 



Annual Reviews 

www.annuaIreviews.org/aronline 



34. Hsueh CT. Dolnick BJ. 1994. Folate- 
binding protein (FBP) is responsible for 
the cellular transport of folate and 
methotrexate (MTX) in human KB (na- 
sopharyngeal epidermoid carcinonia) 
cells. Biochem. Pharmacol 47:1019-27 

35. Kaarsholm NC. Kolslrup AM. Daniel- 
sen SE, Holm J, Hansen SI. 1993, U- 
gand-induced conformation change in 
fol ale-binding protein. Biochem, J, 292: 
921-25 

36. Kamen BA, Smith AK. Anderson RG. 
1991. The folate receptor works in tan- 
dem with a probenecid-sensitive carrier 
in MA 104 cells in vitro. J. Clin. Invest, 
87:1442-49 

37. Lacey SW, Sanders JM. Roihberg KG. 
Anderson RG. Kamen BA. 1989. Com- 
plementary DNA for the folate binding 
protein correctly predicts anchoring to 
the membrane by glycosyl-phospha- 
lidylinositol. 7. Clin, Invest, 84:715-20 

38. Lcamon CP. Low PS. 1 99 1. Deliveiy 
of macromolecules into living cells: a 
method that exploits folate receptor en- 
docyiosis. Proc. Natl Acad. Sci. USA 
88:5572-76 

39. Leanjon CP. Low PS. 1992. Cytotoxic- 
ity of momordin-folate conjugates in 
cultured human cells. J. BioL Chem. 
267:24%6-71 

40. Lcamon CP, Low PS. 1993, Membrane 
folate-binding proteins are responsible 
for folate-protcin conjugate endocytosis 
into cultured cells. Biochem. J. 291: 
855-«) 

41. Leamon CP, Low PS. 1994. Selective 
targeting of malignant cells with cyto- 
toxin- folate conjugates. J. Drug Target 
2:101-12 

4Z Leamon CP, Pasian I. Low PS. 1993. 
Cytotoxicity of (olatc-Pseudomonas 
exotoxin conjugates toward tumor cells. 
Contribution of translocation domaia J. 
BioL Chem. 268:24847-54 

43. Lee HC, Shoda R, Krall JA, Foster JD. 
Selhub J. Rosenberry TL. 1992. Folate 
binding protein from kidney brush bor- 
der membranes contains components 
characteristic of a glycoinositol phos- 
pholipid anchor. Biochemistry 31:3236- 
43 

44. Lee RJ, Low PS. 1994. Delivery of 
liposomes into cultured KB cells via 
folate receptor-mediatod endocytosis. / 
BioL Chem, 269:3198-204 

45. Lee RJ, Low PS. 1995. Folale-mediated 
tumor cell targeting of liposome-en- 
trappcd doxorubicin in vitro. Biochim. 
Biophys, Acta 1233:134-44 

45a U Q-J. Sun X-L, Antony AC. 1996. 
Regulation of folate receptors in human 
cervical carcinoma cells by iheexiracel- 



FOLATE RECEPTORS 519 

tular folate concentration: evidence for 
dominant modulation at the translational 
level associated with homeostatic 
changes. / Invest. Med. 44:203A 
(Abstr.) 

46. Luhrs CA. 1991. The role of glycosy- 
lation in the biosynthesis and acquisition 
of ligand-binding activity of the folate- 
binding protein in cultured KB cells. 
Blood 77:1171-80 

47. Luhrs CA, Raskin CA, Durbin R, Wu 
B. Sadasivan E, el al. 1992. Transfection 
of a glycosylated pho^hatidylinositol- 
anchored folate-binding protein comple- 
mentary DNA provides cdls with the 
ability to survive in low folate medium. 
J. Clin. Invest. 90:840-47 

48. Matsue H. Roihberg KG. Takashima A. 
Kamen BA, Anderson RG, Lacey SW. 

1992. Folate receptor allows cells to 
grow in low concentrations of 5- 
meihylictrahydrofolate. Proc. Natl 
Acad. Scl USA 89:6006-9 

49. Mayor SK. Roihberg G. Maxfield FR. 
1994- Sequestration of GPI-anchored 
proteins in caveolae triggered by cross- 
linking. Science 264:1948-51 

50. McPartlin J, Halligan A. Scott JM, Dar- 
ling M, Weir DG. 1993. Accelerated 
folate breakdown in pregnancy. Lancet 
341:148-49 

50a- MRC Vitamin Study Research Group. 
1991. Prevention of neural tube defects: 
results of the Medical Research Council 
Vitamin Study. iMncet 338:131-37 

51. Orr RB, Kamen BA. 1994, UMSCC38 
cells amplified at llql3 for the folate 
receptor synthesize a mutant nonfunc- 
tional folate receptor. Cancer Res, 54: 
3905-1 1 

52- Orr RB, Kamen BA. 1995. Identifica- 
tion of a point mutation in the folate 
receptor gene that confers a dominant 
negative phenotype. Cancer Res, 55: 
847—52 

53. Page ST. Owen WC, Price K, Elwood 
PC. 1993. Expression of the human 
placental folate receptor transcript is 
regulated in human tissues. Organiza- 
tion and full nucleotide sequence of the 
gene. J Mol Biol 229: 1 1 75-«3 [Erratum. 
1994. / Mol. Biol, 238(4):6391 

54. Pizzomo G. Cashmorc AR, Moroson 
BA, Cross AD. Smith AK, et al. 

1993. 5.10-Didea2atetrahydrofolic acid 
(DDATHF) transport in CCRF-CEM 
and MA 104 cell lines. J, BioL Chem, 
268:1017-23 

55. Prasad PD. Mahesh VB, Leibach FH, 
Ganapathy V. 1994. Functional cou- 
pling between a bafilomycin A 1 -sensi- 
tive proton pump and a probenecid- 
sensitive folate transporter in human 



Annual Reviews 

www.annualreviews.org/aroniine 



520 ANTONY 



placental choriocarcinoma cells. Bio- 
chirru Biophys. Ada 1222:309-14 

56. Prasad PD, Ramamoorthy S. Moe AJ, 
Smith CH, Leibach FH, Ganapaihy V. 
1994. Selective expression of the high- 
afTinity isoform of the folate receptor 
(FR-alpha) in the human placental 
syncytiotrophoblast and cboriocarct no- 
ma cells. Biochim. Biophys. Acta 1223: 
71-75 

57. Ragoussis J, Senger G, Trowsdale J, 
Campbell IG. 1992. Genomic organiza- 
tion of the human folate receptor genes 
on chromosome llql3. Genomics 14: 
423-30 

58. Ratnam M, Marquardt MH, Duhring JL, 
FrcisheimJH. 1989- Homologous mem- 
brane folate binding proteins in human 
placenta: cloning and sequence of a 
cDNA. Biochemistry 28:8249-54 

59. Rilter TE. Fajardo O, Matsue An- 
derson RG, Lacey SW. 1995. Folate 
receptors targeted to clalhrin-coated pits 
cannot regulate vitamin uptake. Proc. 
Nati Acad, Set USA 92:3824-28 

60. Ross JF. Chaudhuri PK. Ratnam M. 
1994. Differential regulation of folate 
receptor isoforms in normal and malig- 
nant tissues in vivo and in established 
cell lines. Physiologic and clinical im- 
plications. Cancer 73:2432-43 

61. Rothberg KG, Ying YS. Kamen BA, 
Anderson RG. 1990. Cholesterol con- 
trols the clustering of the glycophos- 
pholipid-anchored membrane receptor 
for 5-methyUetrahydrofoIate. / Celi 
BioL 111:2931-38 

62. Rothberg KG, Ying YS, Kolhouse JF, 
Kamen BA, Anderson RG. 1990. The 
glycophospholipid-linked folate recep- 
tor internalizes folate without entering 
the clathrin-coated pit endocytic path- 
way. / Celt BioL 1 10:637-41 

63. Sadasivan E, Cedeno MM, Rothenberg 
SP. 1992. Genomic organization of the 
gene and a related pseudogene for a 
human folate binding protein. Biochim. 
Biophys, Acta 1131:91-94 

64. Sadasivan EM, Cedeno M, Rothenberg 
SP. 1994. Characterization of the gene 
encoding a folate-binding protein ex- 
pressed in human placenta. Identifica- 
tion of promoter activity in a G-rich 
SPI site linked with the landemly re- 
peated GGAAG nrotif for the ets en- 
coded GA-binding protein. / Biof. 
Chem, 269:4725-35 

65. Sadasivan E. Rothenberg SP. 1989. The 
complete amino acid sequence of a hu- 
man folate binding protein from KB 
cells determined from the cDNA. / 
BioL Chem. 264:5806-11 [Erratum 
1990. J. BioL Chenu 265(3): 1 82 1 J 



66. Saikawa Y, Knight CB, Saikawa T, Page 
ST. Chabner BA. Elwood PC, 1993. 
Decreased expression of the human fo- 
late receptor mediates transport-defec- 
tive methotrexate resistance in KB cells, 
y. Biol Chem, 268:5293-301 

67. Saikawa Y, Price K, Hance KW, Chen 
TY. Elwood PC. 1995. Structural and 
functional analysis of the human KB 
cell folate receptor gene P4 prornoter 
cooperation of three clustered Sp I-bind- 
ing sites with initiator re^on for basal 
promoter activity. Biochemistry 34: 
9951-61 

68. Selhub J. 1 994. Folate binding proteins: 
mechanisms for placental and intestinal 
uptake. In Nutrient Regulation During 
Pregnancy, Lactation and Infant 
Growth, ed. L Allen, J King. B Lon- 
nerdahl, pp. 141-49. New York: Plenum 

69 Shen F, Ross JF, Wang X. Ratnam M. 
1994. Identification of a novel folate 
receptor, a truncated receptor, and re- 
ceptor type beta in hematopcnetic cells: 
cDNA cloning, expression, immunore- 
activiiy, and tissue specificity. Biochem- 
istry 33:1209-15 

70. Shen F. Wu M, Ross JF, Miller D, 
Ratnam M. 1995. Folate receptor type 
gamma is primarily a secretory protein 
due to lack of an efficient signal for 
glycosylphosphatidyl inositol modifica- 
tion: protein characterization and cell 
type specificity. Biochemistry 34:5660- 
65 

71. Smart EJ. Foster DC, Ying YS. Kamen 
BA, Anderson RG. 1994. Protein kinase 
C activators inhibit receptor- mediated 
potocytosis by preventing internaliza- 
tion of caveolae. / Cell Biol, 1 24:307- 
13 

7X Spinella MJ, Brigle KE, Sierra EE, 
Goldman ID. 1995. Distinguishing be- 
tween folate receptor-alpha-mediated 
transport and reduced folate carrier-me- 
diated transport in L1210 leukemia 
cells. / BioL Chem, 270:7842-49 
72a. Sun X-L. Antony AC. 19%. Identifica- 
tion of an 18-base cti-element in the 
5'-untranslated region of human folate 
receptor-a mRNA which specifically 
binds 46-kDa cytosolic {trans-factor) 
proteins. / Invest. Med. 44:203A 
(Abstr.) 

73. Sun X-L. Murphy BR, Li Q-J.Gullapalli 
S, Mackins J, el al. 1995. Transduction 
of folate receptor cDNA into cervical 
carcinoma cells using recombinant 
adeno-associated virions delays cell pro- 
liferation in vitro and in vivo. J, Clin. 
Invest. 96:1535-47 

74. Tomassetti A, Coney LR, Canevari S. 
Miotti S. Facheris P, et al. 1993. Isola- 



Annual Reviews 

www.annualreviews.org/aronline 



FOLATE RECEPTORS 521 



tion and biochemical characterization of 
the soluble and membrane forms of 
folate binding protein expressed in the 
ovarian carcinoma cell line IGROVl. 
FEBS Utt. 317:143-46 

75. Verma RS. Antony AC. 1991. KineUc 
analysis, isolation, and characterization 
of hydrophilic folate-binding proteins 
released from chorionic villi cultured 
under serum-free conditions. BioL 
Chenu 266:12522-35 

76. Vemna RS, Antony AC. 1992. Im- 
munoreactive folate-binding proteins 
from human saliva. Isolation and com- 
parison of two distinct species. Biochem, 
i. 286:707-1 5 [Erratum. 1 993. Biochem. 
7. 289(3):927] 

77. Verma RS. Gullapalli S. Antony AC. 
1992. Evidence that the hydrophobicity 
of isolated^ in situ, and de novo-synthe- 
sized native human placental folate re- 
ceptors is a function of glycosyl-phos- 
phatidylinositot anchoring to mem- 
branes. J. Biol, Chem, 267:4119-27 

78. Wang S. Lee RJ» Cauchon G, Gorenstein 
DG, Low PS. 1995. Delivery of anti- 
sense oligodeoxyhbonucleotides against 
the human epidermal growth factor re- 
ceptor into cultured KB cells with lipo- 
somes conjugated to folate via pc\y- 
ethylene glycol. Proc. NatL Acad. Set. 
USA 92:3318-22 

79. Wang SR, Lee J, Mathias CJ, Green 
MA» Low PS. 1995. Synthesis, purifi- 
cation and tumor cell uptake of ^^Ga- 
deferoxamine-folate. a potential radio- 
pharmaceutical for tumor imaging. Bio- 
conjug. Chenh In press 

80. Wang X. Sben F, Freisheim JH, Gentry 
LE. Ratnam M. 1992. Differential 
stereospecificities and affinities of folate 
receptor isoforms for folate compounds 



and antifolates. Biochem. Pharmacol. 
44:1898-901 

81. Weiiman SD, Frazier KM, Kamen BA. 

1994. The folate receptor in central ner- 
vous system malignancies of childhood. 
J. Neurooncol. 21:107-12 

82. Weitman SD, Lark RH, Coney LR, Fort 
DW, Frasca V, et al. 1992. Distribution 
of the folate receptor GP38 in normal 
and malignant cell lines and tissues. 
Cancer Res. 52:3396-401 

83. Weitman SD, Weinberg AG. Coney LR. 
Zurawski VR. Jennings DS. Kamen BA. 
1992. Cellular localization of the folate 
receptor potential role in drug toxicity 
and folate homeostasis. Cancer Res. 52: 
6708-1 1 

84. Wesierhof GR, Rijnboutt S. Schomagel 
JH. Pinedo HM. Peters GJ. Jansen G. 

1995. Functional activity of the reduced 
folate carrier in KB. MA 104, and 
IGROV-I cells expressing folate-bind- 
ing protein. Cancer Res. 55:3795-802 

85. Yan W. Ratnam M, 1 995. Preferred sites 
of glycosylphosphatidylinositol modifi- 
cation in folate receptors andconstnunts 
in the primary structure of the hydro- 
phobic portion of the signal. Biochem- 
istry 34:14594-600 

85a. Yang XY, Mackins J, Li Q-J. Antony 
AC. 1996. Isolation and characterization 
of a novel folate receptor (FR)-directcd 
metalloprbtease from human placenta: 
evidence for plasma men^rane local- 
ization in several human tumor cell 
lines. Proc. Am. Assoc. Cancer Res. 
37:3379 (Abstr.) 

86. Zheng DB. Lim HM. Pene JJ. While 
H. 1988, Chicken riboflavin-binding 
protein. cDNA sequence and homology 
with milk folate-binding protein. / BioL 
CA^m. 263:11126-29 



APMIS W2: 4J3-4I9. 1994 

Printed in Denmark , All rights reserved 



Copyright © APMJS 1994 



ISSN 0903-464} 



Folate receptor of human mammary adenocarcinoma 



JAN HOLM,* STEEN I. HANSEN,' MIMI H0IER-MADSEN/ KNUD S0NDERGAARiy and 

MICHAEL BZOREK^ 

^Department of Clinical Chemistry and ^Department of Pathology, Central Hospital Nykobing Falster, 
Nykobing Falster, 'Department of QinicaJ Chemistry, Central Hospital HiDerod, Hillerad and 
^Laboratory for Autoinmiune Serology, Statens Seruminstitut, Copenhagen, Denmark 



Holfn, J., Hansen, S. L, Hoier-Madsen, M., Sondergaard, K. and Bzorek, M. Folate receptor of 
human mammary adenocarcinoma. APMIS 102: 413-419, 1994. 

Binding of 'H-folate to human mammary tumor homogenate was of a high-affinity type (K=10'** 
M~') and displayed apparent positive cooperativity. Radioligand dissociation was slow at pH 7.4, 
but rapid at pH 3.5. As compared to methotrexate, 5-formyItetrahydrofolate acted as a strong 
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The intracellular level of folates is of crucial im- 
portance for one-carbon transfer processes med- 
iated by enzyme systems involved in DNA syn- 
thesis (2). The folate-binding protein (FBP), a 
high-affinity glycophospholipid-linked folate re- 
ceptor, resides in the plasmalemmal vesicles of 
many eukaryotic cells and internalizes folates by 
a process known as potocytosis (3, 1, 19). FBPs 
exist in both membrane-bound and soluble forms 
(2). A soluble FBP purified from bovine milk has 
been characterized as to primary and secondary 
structure, polymerization phenomena, and li- 
gand-binding mechanism (5, 16, 21, 25, 27). Ex- 
tensive homology existed between the amino add 
sequence of the bovine FBP and FBPs in human 
milk (26) and membranes of certain human can- 
cer cells and placenta (4, 1 7, 22, 24). High-affinity 
FBPs in several normal human tissues, e.g. cho- 
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roid plexus and proximal kidney tubules, shared 
antigenic determinants with human milk FBP 
(10, 1 1). FBPs with glycophospholipid domains 
susceptible to cleavage by glycosylphosphatidyl 
inositol-specific phospholipase C were found in 
human milk, semen, and choroid plexus (7). 

We have recently characterized a high-affinity 
FBP or folate receptor in homogenized human 
manunary gland tissue; the receptor was associ- 
ated with a triglyceride-rich fraction of the homo- 
genate (12). The present work deals with the fol- 
ate receptor in htmian mammary tumor tissue 
and describes its radioligand-binding character- 
istics, ligand dissociation, substrate spedfidty, 
molecidar size, and inmixmologic properties. 



METHODS 

Tissue preparation 
Malignant tissue and adjacent normal manunary 
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gland tissue obtained from women undergoing 
surgery for mammary adenocarcinoma were pro- 
cessed separately. The tissue was homogenized with 
a Braun homogenizer (5 strokes at 1000 rev/min) in 
5 mmol/1 Tris/HQ buffer (pH 7.4, 4°Q containing 
5 mmol/1 mannitol (5 ml of buffer/g of tissue). 
Homogenate solubilized (2 h, 4^*0) with Triton X- 
100 (20 g/1) was centrifuged (1000 30 min) and 
the supernatant analyzed. The proteinase inhibitor 
phenyhnethane sulphonyl fluoride (PMSF) (1 vamoM 
1; BDH) was added to all preparations. 

The concentration of protein was determined by a 
commercial assay (Bio-Rad Protein Assay Kit 
500-0001) and the concentration of triglyceride by a 
conunerdal assay (Boehringer-Mannheim; Triglycer- 
ides GPO-PAP 701882), according to the instructions 
given by the manufacturer. 

Radioligand binding and inhibition 

Tissue preparations were dialyzed against 0.2 mol/1 
acetate buffer of pH 3.5 at 4°C to remove endogenous 
folate. 

Equilibrium dialysis experiments were performed 
as described previously (10, II) for periods of 20 h 
in 0.17 mol/1 Tris/HQ buffer of pH 7.4 (37**Q with 
the tissue sample in the internal (1000 (il) and 'H- 
folate (^H-pteroylglutamate with a specific activity of 
24-31 Ci/mmol from Amersham International Ltd, 
Amersham, UK) in the external solution (100 ml). 
Triton X-100 at a concentration of 10 g/1 was added 
to both sides of the dialysis membrane. Radioactivity 
measurements were performed as previously de- 
scribed (10, 1 1). In inhibition experiments folate ana- 
logues was always added to the external solution (cf 
above) together with the radiolabel. The following 
analogues were used: methotrexate (Lederle, 4587- 
24) purified as previously described (9) and 5-formyl- 
tetrahydrofolate (6). 

Radioligand dissociation 

Aliquots (1000 jxl) of tissue predialysed to equilib- 
rium (pH 7.4, TC) against 'H-folate (1.0 nmol/1) 
were subjected to dialysis in 1000 ml volumes of 
folate-free buffer according to a previously published 
procedure (10, 11), 

Enzyme-linked invmmosorbent assay (ELISA) for 
FBF in mammary tissue 

Low-molecular-weight FBP was purified firom hu- 
man milk and used for inmiunization of rabbits (15). 
Rabbit antisera were pooled, the inmiunoglobulins 
predpitated and employed in a previously described 
ELISA for quantitation of human FBP (10, 11, 15). 

Gel /titration 

The molecular size of FBP in mammary tissue 
was estimated by chromatography on a column (5.3 
cm^ X 94 cm) of Ultrogel® AcA 44 (IBF) run and 
calibrated as previously reported (10, 11). Triton X- 



100 (1 g/1) was added to the elution buffer 0.17 mol/ 
1 Tris/HQ of pH 7.4 (5"C). The tissue sample was 
incubated with ^H-folate (10 nmol/I) for 3 h (25°C) 
prior to column application. 

fmmtmohistochemistry 

Immunohistochemistry on paraffin-embedded 5-8 
fim sections of formalin-fixed mammary tumor tissue 
was performed by a standard procedure (14) as re- 
cently described (10, 11). The primary antibody, rab- 
bit immunoglobulin (cf above) against htmian milk 
FBP, was diluted 1 : 100 with 12.5% (w/v) bovine 
serum albumin (BSA). Parallel controls were per- 
formed using non-inunune rabbit inununoglobulin 
(Dakopatts X 936) at a protein concentration equal to 
that of the primary antibody solution. The secondary 
antibody, HRP-conjugated swine anti-rabbit im- 
munoglobulin (DAKO P-217), was diluted 1 : 50 with 
12.5% BSA. The chromogen 1-diaminobenzidine 
(Merck 2924) was dissolved (1 tablet) in 10 ml dis- 
tilled water containing 40 pi 3% HjOj. 



RESULTS 

Mechanism of radioligand binding and dis- 
sociation 

Saturation curves for radioligand binding in 
mammary tumor tissue at two FBP concen- 
trations are shown in Fig. 1 (Scatchard plots 
inserted). Binding data analyzed in Scatchard 
and Hill plots (not shown) are sunmiarized in 
Table 1 . The binding displayed apparent positive 
cooperativity as indicated by a Hill coefficient 
significantly higher than 1.00 and an upward 
convex Scatchard plot (Fig. 1) at FBP concen- 




0.01 0.1 1 

Free folate nmol/l 



Fig. 7. High-affinity binding of ^H-folate in sol- 
ubilized mammary tumor homogenate (•) and a 
5-fold dilution (o). Equilibrium dialysis experiments 
in 0.17 mol/1 Tris-HQ buffer (pH 7.4, 37°Q. Scatch- 
ard plots of binding data (abscissa, bound folate 
nmol/I; ordinate, bound/free) are given as insets 
(right, undiluted samples; left, diluted samples). 
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TABLE 1. Parameters of high-affinity binding of^H-folate to mammary tumor tissue and non-malignant tissue 
adjacent to tumor in equilibrium dialysis experiments (pH 7.4, 37° C). Binding data were analyzed by Scatchard 
and Hill plots, N, maximum ^H-folate bound; Sqj, the concentration of free folate at half saturation of folate 





N (nmol/1) 


So.j (nmol/1) 


l/SojO/moI) 


h (SD) 


Tumor, undiluted 


3.5 


0.053 


1.9 xlO'** 


1.36 (0.074)* 


Tumor, 5-fold diluted 


0.77 


0.046 


2.2xl0"> 


0.98 (6.049) 


Tissue adjacent to tumor, undiluted 


1.3 


0.049 


2.1 X 10"> 


0.99 (0.06) 



The Hill coefiicient (h) is significantly higher than I.OO: P<0.001 (calculation of h based on 16 observations). 



trations of 3.5 nmol/l. The concentration of 
FBP had no or only a slight effect on binding 
affinity (Table 1). At 0.77 nmol/1 FBP the bind- 
ing became non-cooperative, i.e. the Hill coef- 
ficient did not difler significantly from 1.00 
(Table 1), and the Scatchard plot appeared recti- 
linear (Fig. 1). As can be seen (Table 1), the 
binding data for FBP in normal adjacent tissue 
were very similar; the binding was non-coop)er- 
ative. No dissociation of ^H-folate from mam- 
mary tumor tissue occurred at pH 7.4 after dia- 
lysis for 24 h (data not shown). Dissociation 
was rapid at pH 3.5, however, with a residual 
binding of 5% (data not shown). The effect of 




1 10 100 1000 10000 

Analogue nmol/1 

Fig, 2. Effect of methotrexate (upper curve) and 5- 
formyltetrahydrofolate (lower curve) on ^H-folate 
binding in mammary tissue. Equilibrium dialysis ex- 
periments (cf Fig. 1) with 0.1 nmol/1 ^H-folate in the 
external solution. The analogue was added to the 
external solution (abscissa, concentration of ana- 
logue) together with radiolabeled folate. Normal 
mammary gland (o), non-malignant tissue adjacent 
to tumor (q), and tumor tissue (O). The curves were 
fitted to the following equation (13): f=(l-f F*K)/ 
(1 +F*K-|-I*M); f is the fraction of maximum bound 
folate, F is the free folate concentration (constant = 
0.1 nmol/1), K is the apparent association constant 
for folate binding, I is the apparent association con- 
stant for analogue binding, and M is the analogue 
concentration. Estimated K/I ratios were 10-30,000 
for methotrexate and 2-5 for 5-formyltetrahydro- 
folate. 



the folate analogues, methotrexate and 5-for- 
myltetrahydrofolate, on binding was studied 
(Fig. 2). Methotrexate was a weak inhibitor as 
compared to 5-formyltetrahydrofolate. 

Molecular size of FBP in mammary tumor tissue 
The relative molecular mass of FBP in mam- 
mary tumor tissue was estimated by gel fil- 
tration. Tissue samples were pre-exposed to an 
excess of ^H-folate prior to Ultrogel® AcA 44 
gel chromatography (Fig. 3). The elution dia- 



I- 
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200 300 400 
Elution volume ml 



500 



1 - 




B 



too 200 300 400 
Elution volume ml 



500 



Fig. 3. Ultrogel AcA 44 chromatography of mam- 
mary tumor tissue (A) and non-malignant tissue ad- 
jacent to tumor (B). Both preparations were incu- 
bated with ^H-folate before column application. The 
column was calibrated as previously described (10, 

11). 
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grams of both malignant and non-malignant 
tissue samples contained a very small peak in 
void volume at 160-170 ml (> 110 kDa) as well 
as two major peaks of ^H-folate FBP, one at a 
position of 200-210 ml (M,- 100 kDa), and one 
at a position of 280-290 ml (M,-25 kDa). The 
latter peak represented the main fraction of ^H- 
folate FBP in malignant tissue. 

Irrimunoreactivity of FBP in mammary tumor 
tissue 

A two-site ELISA was used for quantification 
of FBP in mammary tumor and normal mam- 
mary gland; FBP expressed as maximum ^H- 
folate binding was used as the reference. The 
titration curves in Fig. 4 show that malignant 
tissue contains a higher amount of immunoreac- 
tive FBP in comparison with adjacent normal 
tissue and normal mammary gland tissue. 

Jmmtatohistochemistry 

Fig. 5A shows immunostaining of sections of 
mammary tmnor tissue exposed to rabbit anti- 
(human milk FBP) immunoglobulin (1 : 100 di- 
lution). No staining reaction (Fig. 5B) occurred 
with non-immune rabbit immunoglobulin. 

Concentration of FBP and triglyceride in malig- 
nant tissue and adjacent normal tissue 

The FBP concentration, expressed as maxi- 
mum ^H-folate binding, was determined in ma- 




0.01 0.1 1 



FBPnmol/1 

Fig, 4, Relationship between maximum ^H-folate 
binding (abscissa) and immunoreactive FBP deter- 
mined by ELISA in human milk FBP (o), mammary 
tumor Ussue (T), non-malignant tissue adjacent to 
tumor (V), and normal mammary gland tissue (•). 
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Fig, 5. Immunostaining of sections of mammary tu- 
mor after exposure to rabbit anti-(human milk FBP) 
inununoglobulin (IrlOO dilution). B. Control sec- 
tions exposed to non-inmiune rabbit inmiunoglob- 
ulin. 



lignant and adjacent tissue of mammary adeno- > 
carcinoma from 1 1 patients (Fig. 6A). The FBP i 
concentration was higher in malignant tissue 
than in normal tissue. The difference was statis- 
tically significant. A statistically significant dif- 
ference was also found between the triglyceride I 
concentrations in malignant tissue and adjacent 1 
normal tissue (Fig. 6B). 

DISCUSSION j 

The present report describes the presence of a 
high-aflinity folate-binding protein (FBP) or 
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Fig. 6. A. Concenlralion of FBP expressed as maxi- 
mum ^H-fo!ate binding/g protein (median values with 
ranges in parentheses) in mammary tumor tissue, 0.90 
(0.25-4.12) and normal tissue adjacent to tumor, 0.36 
(0.14-0.90). Adenocarcinomas were taken from II 
women. Dotted lines connect paired values from each 
patient (paired comparisons). A non-parametric 
paired test, Wilcoxon signed-rank test, was per- 
formed on all differences; each patient served as her 
own reference, P< 0.005. B. Concentration of trigly- 
ceride, mmol/1, in mammary tumor tissue, 0.48 
(0.28-0.82), and normal tissue adjacent to tumor, 0.90 
(0.46-1.64), P<0.01. For details, cf Fig. 6A. 



folate receptor in human mammary tumor 
tissue. The concentration of FBP in terms of 
maximum radioligand binding is significantly 
higher in tumor tissue as compared to adjacent 
normal mammary gland tissue from the same 
patient, and so is the concentration of triglycer- 
ide (Fig. 6). However, it remains to be clarified 
whether the higher concentration of FBP in tu- 
mor tissue is due to overexpression of FBP, as 
recently observed in some malignant epithelial 



cells (29), or merely to a higher density of epi- 
thelial cells per g protein in malignant tissue. 
The parallel increase in the content of FBP and 
triglyceride in malignant manmiary tissue is in 
fair agreement with our recent study in which 
the highest folate-binding activity per g protein 
was asisociated with the upper triglyceride-rich 
layer of the 1000 g supernatant of normal mam- 
mary gland homogenate (12). The concentration 
of FBP per 1 tumor homogenate (Table 1) is 
close to the value previously reported for nmol 
folate boxmd per 1 cytosol in 25 estrogen recep- 
tor-positive primary breast cancer timtiors (23). 

High-affinity folate-binding systems, e.g. in 
milk, choroid plexus and kidney, display the 
following characteristics: apparent positive 
cooperativity which changes into a non-cooper- 
ative binding type at relatively low FBP concen- 
trations, a binding affinity that seems to increase 
with decreasing concentrations of FBP, and an 
extremely slow ligand dissociation at pH 7.4, 
which, however, becomes rapid at pH 3.5 (10, 
11). High-affinity folate binding in mammary 
tumor tissue exhibits similar properties (Table 
1) with the exception that dependence of binding 
affinity on FBP concentration is uncertain as 
compared to e.g. in normal mammary gland 
tissue (12). Furthermore, the acid dialysis-resis- 
tant fraction of bound radioligand was only 5% 
as compared to 20% in normal mammary gland 
(12). 

The displacement of labeled folate by folate 
analogues (Fig. 2) shows that S-formyltetrahyd- 
rofolate has a < 5-fold lower affinity for FBP 
than has oxidized folate, while the affinity of 
the antifolate drug methotrexate is 10-30,000- 
fold lower than that of oxidized folate. This 
affinity profile is basically similar to that of 
other folate receptors in malignant cells and 
placenta (28). 

The FBP in mammary tumor tissue shares 
antigenic determinants with human milk FBP as 
demonstrated by immunohistochemistry (Fig. 5) 
and ELISA (Fig. 4). Data obtained with the 
latter technique seem to indicate a higher 
amount of immunoreactive material in tumor 
tissue. 

As was the case in human milk and normal 
mammary gland (7, 12), two molecular forms 
of FBP were found in mammary tmnor tissue: 
a 25 kDa FBP predominant as compared to 
normal mammary gland tissue (12) and a 100 
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kDa FBR By analogy with human milk, the size 
of the latter could be due to interaction between 
a hydrophobic moiety on the 25 kDa FBP and 
Triton X-100 micelles (7). 

Detailed knowledge of the nature of folate 
receptors in normal and malignant cells is of 
crucial importance for our understanding of the 
processes which on the molecular level mediate 
transfer of natural folates across cell mem- 
branes. Folate plays an important role in DNA 
synthesis and chromosome repair, which is in 
fair agreement with the growing body of evi- 
dence suggesting a relationship between folate 
deficiency and cancer initiation (8). Another 
point of interest is the observation that excess 
of intracellular reduced folate increases the cyto- 
toxic effect of fluorinated pyrimidines through 
an optimal inhibition of thymidylate synthetase 
(20). Furthermore, the use of receptor-mediated 
uptake of folic acid to faciUtate entry of a folate- 
toxin conjugate into cultured HeLa and KB cells 
was shown to inhibit cellular protein synthesis 
(18). 
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ABSTRACT 

L1210-B73 cells, variants of L1210 cells grown in medium containing 
nanomolar concentrations of folates, express a membrane associated 
folate binding protein (mFBP) in addition to the classical reduced folate/ 
methotrexate carrier (RF/MTX-carrier) present in LI 210 cells grown in 
standard high folate medium (G. Jansen et oL, Cancer Res^ 49: 1959- 
1963, 1989). In this study we used L1210-B73 and L1210 cells as a 
model system to study the affinity of the RF/MTX-carrier and the mFBP 
for the natural folate compounds folic add and 5-fonnyltetrahydrofolate 
(5-CHO-THF7, as well as a number of antifolate compounds. Further- 
more we studied the contribution of the RF/MTX-carrier and the mFBP 
in membrane transport of these (anti)folates, and finally we analyzed the 
role of the mFBP and RF/MTX-carrier in the cytotoxic effects of the 
antifolates. The antifolates used were either inhibitors of dihydrofolate 
reductase, including methotrexate (MTX) and 10-ethyl-lO-deazaaminop- 
terine (10-EdAMX or two folate-based inhibitors of thymidylate synthase, 
/V"-propargyl-5,8-didea2afolic acid (CB3717) and 2-deamino-2-methyI- 
/V»*'-propargyl-5,8-didea2afolicadd 00-198,583). 

The aflim'ty of the RF/MTX-carrier for natural and antifolate com- 
pounds declined in the order 10-EdAM > ICI-198,583 > 5-CHO-THF 
> MTX » CB3717 folic acid. The mFBP exhibited a high binding 
afiinity for CB371^d 10-198,583 but a poor binding affinity for MTX 
and 10-EdAM. Binding affinities of the mFBP decreased in the order 
CB3717 > folic add = ia-198383 > 5-CHO-THF » MTX = 10- 
EdAM. 

Over 24 h, at 25 nM, pHJfolic add uptake in L1210-B73 cells was 
found to proceed for more than 98% via the mFBP. Uptake of pHJ-5- 
CHO-THF, at 50 nM extracellular concentration, occurred via both the 
mFBP (81%) and the RF/MTX-carrier (19%). With respect to antifol- 
ates, the mFBP in LI210-B73 cells contributed for less than 30% in the 
uptake of pHlMTX but was the predominant route (92%) in the uptake 
ofpHIia-198383. 

Results from affinity and membrane transport observations were con- 
sistent with growth inhibition studies on L1210-B73 cells demonstrating 
that the mFBP played only a minor role in the cytotoxic effects of MTX 
or 10-EdAM. On the other hand, L1210-B73 ceils were significantly 
more sensitive to <:B3717 (220-fold) and 10-198,583 (10-foW) than 
parental L1210 ceDs. The putative role of the mFBP in the uptake of 
CB3717 and ia-198^ in L12I0-B73 cells was further supported by 
the fact that protection from growth inhibition could be achieved by folic 
add rather than by 5-CHO-THF. In L1210 cells, expressing only the 
RF/MTX carrier, no protection with folic add was observed. 

These results suggest that multiple transport systems may play a role 
in the uptake of natural folates and nondassical folate analogues with 
targets other than dihydrofolate reductase. The possible clinical relevance 
of these observations will be further discussed. 
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INTRODUCnON 

A high affinity/low capacity carrier system is one of the 
proteins involved in the membrane transport of natural reduced 
folate compounds and folate analogues like MTX^ (1-4). This 
RF-carrier system has been widely characterized in a variety of 
normal and especially neoplastic cells (2, 4-10). Recent studies 
have suggested that another class of proteins, mFBP, can me- 
diate the uptake folate compounds as well (reviewed in Refs. 4, 
1 1, and 12). This was supported by in vitro observations that: 
(a) folic acid and 5-CHO-THF could promote growth of cells 
expressing mFBP, which is consistent with the high affinity of 
the mFBP for these compounds (13, 14); (b) folate analogues 
for which the mFBP has a high affinity were potent growth 
inhibitors of these cells (Refs. 15 and 16; present study); (c) 
following incubation of cells expressing mFBP with natural and 
antifolate compounds, these compounds could be identifled 
intracellular as polyglutamate forms (Refs. 16-18; present 
study), which is the result of a cytoplasmic process (19); and 
finally (d) anti-mFBP antibodies and chemically activated esters 
of folic acid/MTX inhibited the uptake of reduced folate com- 
pounds in cells expressing mFBP (20, 21). 

Recently we have demonstrated the expression of mFBP in 
a variant of murine L1210 leukemia cells (L1210-B73) which 
were adapted to grow in folate-conditioned medium containing 
nanomolar levels of folic acid (22). In addition to mFBP, 
L1210-B73 cells also expressed the same level of the RF-carrier 
system, which is present in parental LI 210 cells. Parental 
L1210 cells, grovm in standard medium containing 2 /im folic 
acid, did not express detectable levels of mFBP. 

In the present study we have used L1210-B73 cells as a model 
system to establish the role of the mFBP and/or the RF/MTX- 
carrier in membrane transport of natural folates and antifolate 
compounds on the basis of (a) affinities of the mFBP and the 
RF/MTX-carrier for these compounds, {b) uptake studies with 
radiolabeled (anti)folates, and (c) cytotoxicity studies. The re- 
sults indicate that membrane transport in L1210-B73 cells of 
two folate-based inhibitors of dihydrofolate reductase, MTX 
and 10-EdAM^ mainly proceeds via the RF/MTX-carrier since 
the mFBP has a poor affinity for these compounds. On the 
other hand, the mFBP can be an important route in the uptake 
of folic acid and 5-CHO-THF as well as of two folate-based 
inhibitors of thymidylate synthase; A^'**-propargyl-5,8-dideaza- 

*The abbreviations used are: MTX, methotrexate; CB 3717, yV'**-propargyI- 
5,8-dideazafoIic acid; IQ-l 98,583; 2-deamino-2-methyI-A^***-propargyI-5,8-didca- 
zafolic acid; 10-EdAM; lO-ethyMO-deazaaminopterin; TMQ, trimeu-exate; 5- 
CHO-THF, 5-fonnyItetrahydrofolate; S-CHj-THF, 5-methyhetrahydrofoI*aie- 
HBSS, HEPES buffered saUne solution; HEPES, 4^hydroxyethyI)-I.piperazine^ 
ethanesulfonic acid; mFBP, membrane-associated folate binding protein; RF/ 
MTX-carrier, reduced folate/methotrexate carrier; TS, thymidylate synthase; 
DHFR, dihydrofolate reductase; ICjo, the concentration of inhibitor necessary to 
inhibit {^Hlfolic acid binding by 50%; DDATHF, 5,10-didea2a-5,6,7,8-tetrahy- 
drofoUc acid. 
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folic acid (CB3717) and ICM 98,583 (23-27). The role of the 
mFBP in the uptake of the thymidylate synthase inhibitors 
correlated with the high affinity of the mFBP for these 
compounds. 

MATERIALS AND METHODS 

Materials. RPMI 1640, with and without folic acid, fetal calf serum 
(dialyzed and nondialyzed), and dialyzed horse serum were obtained 
from Gibco, Grand Island, NY. Folic acid and DL-5-CHO-THF were 
purchased from Sigma Chemical Co., St. Louis, MO. Digitonin, dinon- 
ylphthalate, and dibutylphthalate were purchased from Merck, Darms- 
tadt, Germany. MTX was a gift from Pharmachemie, Haarlem, The 
Netherlands. 10-EdAM was a gift from Ciba Geigy, Basel, Switzerland, 
yV'**-Propargyl-5,8-didea2afolic acid (CB3717) and ICI-198,583 were 
provided by ICI-Pharmaceuticals Division, Alderly Park, Macclesfield, 
Cheshire, United Kingdom. TMQ was obtained from Warner Lambert, 
Park Davis, Ann Arbor, MI. ['HJFolic acid (35 Ci/mmol), (^HJMTX 
(20 Ci/mmoI), and l-{^H]-5-CHO-THF (50 Ci/mmol) were purchased 
from Moravek Biochemicals, Brea, CA. Radiolabels were repurified as 
described previously (10, 14, 22). (^H]ia-198.583 (25.6 Ci/mmol) was 
prepared as the diethyl ester in a custom synthesis by Amersham, 
Amersham, United Kingdom. The compound was hydrolyzed and then 
purified by high performance liquid chromatography as described before 
(16). 

Cell Cultures. Murine leukemic LI 210 cells, expressing the RF/ 
MTX-carrier, were grown in RPMI 1640 containing 2 fiM folic acid, 
supplemented with 5% fetal calf serum, 2 mM L-glutamine, 100 units/ 
ml of both penicillin and streptomycin, and 50 /xM 2-mercaptoethanoL 
L12I0-B73 cells, expressing both the RF/MTX-carrier and mFBP, 
were grown in folate free RPMI 1640 as described previously (22), 
supplemented with 10% dialyzed fetal calf serum, glutamine, antibiot- 
ics, and 2-mercaptoethanol as described above. A 1 nM concentration 
of either folic acid or 5-CHO-THF was added as the sole folate source. 
Cells were kept at 37'C in a humidified atmosphere containing 5% 
CO2. 

Growth Inhibition Assay. L1210 and L1210-B73 cells in the logarith- 
mic phase of cell growth were plated at an initial density of 7.5 x 1(^/ 
mi into the individual wells of a 24-weIl tissue culture plate. The 
medium for both cell lines was folate free RPMI 1640 supplemented 
with 10% dialyzed fetal calf serum and either 1 nM 5-CHO-THF, 20 
nM 5-CHO-THF, or 20 nM folic acid as the sole folate source. Appro- 
priate concentrations of drug were added at the time of pladng. After 
72 h of drug exposm-e, cell concentration was determined with a Sysmex 
CC-1 10 microcell counter and cell viability was determined microscop- 
ically by trypan blue exclusion. 

DHFR Activity Measurement Specific activity of DHFR was deter- 
mined according to the method described by Mini et aL (28). 

Binding Studies. Binding of radiolabeled (antQfoIates was performed 
in HBSS buffer (107 mM NaQ, 20 mM HEPES, 26.2 m NaHC03, 5.3 
mM KCl, 1.9 mM CzClj, 1.0 mM MgQi, and 7.0 mM D-glucose adjusted 
to pH 7.4 with NaOH) at 4*C, as described previously (22). In short, 
LI210-B73 cells (1 x 10^/15 ml HBSS) were incubated with pHJfolic 
acid, pHl-5-CHO-THF, pHJIQ- 198,583 or (^HJMTX (all with a spe- 
cific activity of 0.5 Ci/mmol) in increasing concentrations. After 10 
min, the cells were collected by centrifiigation (5 min, 8(K) x g) at 4*C 
The supernatant was removed by suction and residual fluid using cotton 
tissues. Pellets were resuspended in water and analyzed for radioactivity 
in Optifluor scintillation fluid (United Technologies, Packard, Brussels, 
Belgium) using an Isocap/300 (Searle, Nuclear Chicago) with a count- 
ing efficiency for ^H of 5 1 %. Nonspecific binding of label (usually <2%) 
was determined by measuring bound radioactivity in the presence of a 
1000-fold molar excess of unlabeled folic acid. The relative affinity of 
mFBP for natural folate and folate analogues was analyzed by a slightly 
different procedure. L1210-B73 cells (3 X 10* in 1 ml HBSS, pH 7.4) 
were incubated for 10 min at 4*C with 100 pmoi pH]foIic acid in the 
absence or presence of increasing concentrations of natural folate and 
antifolate compounds. Cells were then centrifuged and the radioactivity 
in the cell pellet was determined as described above. Relative affinities 



are defined as the inverse molar ratio of compound required to displace 
50% of pHjfolic acid from mFBP. 

Transport Measurements. LI 2 10 and L1210-B73 cells (5 x 10*) in 
the logarithmic phase of growth were suspended in 10 ml folate free 
RPMI supplemented with 10% dialyzed fetal calf serum and transferred 
into 25-cm^ tissue culture flasks. pHJMTX, pHjfolic add, l'H]-5-CHO- 
THF, or ['H]ICI-1 98,583 (all with a specific activity of 0.5 Ci/mmol) 
were added to final concentrations of 100, 25, 50, and 25 nM, respec- 
tively. Control experiments contained the same amounts of ^H-labeled 
(anti)folate in the presence of 1 pM folic acid. Incubations were per- 
formed at 37"C in a humidified atmosphere containing 5% COj. CeUs 
were harvested after 1 , 4, and 24 h and checked for cell concentration 
and viability as described above. After centrifugadon (800 x ^, 5 min, 
4*Q, the supernatant was removed by suction and the residual fluid 
was removed with cotton tissues. To distinguish between surface bound 
and intracellular ^H-labeled (anti)folate in L1210^B73 cells, the cells 
were rinsed with 1 ml ice-cold acidic saline buffer (137 mM NaCl, 20 
mM HEPES, 5.3 mM KCl, 1.0 mM MgCb, 1.9 mM CaClj, and 7.0 mM 
D-glucose, adjusted to pH 3.5 with acetic acid) to remove surface bound 
ligand from the mFBP. After centrifugation for 1 min at 13,000 x g 
the total cell associated radioactivity was divided in the supernatant 
fraction (containing cell surface bound ligand) and the pellet fraction 
(containing intracellular ligand). As a control experiment to establish 
whether radioactivity found in the acid resistant firaction is still associ- 
ated with the membrane or transferred to the cytoplasm, a rapid 
separation of cytosol and particulate fractions was performed by con- 
trolled digitonin induced lysis as described by Rijksen et al. (29). In 
short, the procedure is as follows. In an Eppendorf microfuge tube the 
following gradient was established: lower layer, 100 p\ HBSS, pH 7.4, 
containing 10% (v/v) glycerol; middle layer, 500 axI of a 3:2 (v/v) mixture 
of dibutylphthalate and dinonylphthalate; and upper layer, 500 ^1 cell 
suspension containing 10^ L1210-B73 cells. The upper layer was mixed 
with 50 fi\ 2 mM digitonin for 30 s, followed by centrifugation in an 
Eppendorf centrifuge (45 s, 13,000 x g). The lower layer (containing 
the particulate fraction) and the upper layer (contaming the cytosolic 
fraction, as checked by the release of the cytosolic marker enzyme 
lactate dehydrogenase) were collected and analyzed for radioactivity 
(see "Binding Studies"). From L1210-B73 cells that were incubated for 
24 h with ^H-labeled (anti)folates at concentrations indicated above, 
more than 85% of the radioactivity in the acid resistant fraction was 
recovered in the cytosolic fraction (results not shown). 

Analysis of Polyglutamates. L1210-B73 cells were incubated for 24 
h with concentrations of pHjMTX, ('HJfolic acid, pH].5-CH0-THF, 
or [^H]ICI- 198,583 as indicated above. Cells were harvested by centrif- 
ugation and washed once with ice-cold HBSS, pH 7.4, followed by an 
acidic wash at pH 3.5 (see above) to remove surface bound ligand. The 
flnal pellet was resuspended in 50 mM sodium phosphate buffer, pH 
5.5, and boiled for 5 min. After centrifugation for 1 min at 13,000 x g^ 
the clear supernatant was applied to a DE52 minicolumn to separate 
monoglutamate from pplyglutamate forms as described by McGuire et 
oL (30). Monoglutamates were eluted by washing the column with 35 
ml, 10 mM Tris-HCl, 125 mM NaCl, and 2.5 mM dithiothreitol, pH 
7.5. Polyglutamates were eluted with 3 ml, 0.1 n HCL The conversion 
of ['H]folic acid to folyipolyglutamate forms could not be analyzed by 
the DE52 anion-exchange method since the elution of pH]folic acid 
from this column started at a NaCl concentration (250 mM) at which 
folylpolyglutamates were eluted as well (not shown). 

RESULTS 

Affinities of RF/MTX-Carrier and mFBP for (Ant])foIate 
Compounds. The relative affinity of the RF/MTX-carrier for a 
series of natural and antifolate compounds was sttidied by 
inhibition of pHJMTX and (^H]-5-CHO-THF transport in 
LI 2 10 cells (Table 1), The RF^lTX-carrier has a high affinity 
for 5-CHO THF, 10-EdAM, MTX, and ia-198,583, a low 
affinity for CB3717, and a poor affinity for folic add. The 
affinities of the mFBP in L1210-B73 cells for these compounds 
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Table 1 InhmdonofpHJ-S-CHChmF and pH]\frX transport via the RF/ 
MTX-carri^r and displacement of pHJ-folic acid binding to the mFBP by folate 

derivatives 



Inhibitor 








RF/MTX-camer' (LI 2 1 0) 
PHJMTX [^H}-5-CHO-THF 

(5 ^iM) (2 AtM) 


mFBP* 
fLl 210^873* 

f^HIFolic 
acid, 0.1 ^m) 


10-EdAM 


2.1 


1.3 


3.33 (0.03) 


ia-198,583 


3.5 


2.9 


0.145 (0.69) 


5-CHO-THF 


5.7 


3-8 


0.53 (0.19) 


MTX 


10.3 


9.0 


3.33 (0.03) 


CB3717 


114 


80 


0.063 (1.6) 


Folic acid 


890 


540 


0.10 (1.0) 



&.iAtv yjv ^ IV iuii in ni>oo, pn /.«*; were uicuoaica ai ^/ v. Wim 
either 5 mm ('H)MTX or 2 /*m pHJ-5-CHO-THF in the absence or presence of 
increasing concentrations of the indicated inhibitors. After 3 min uptake was 
terminated by the addition of ice-cold HBSS, pH 7.4. Cells were washed with ice- 
cold HESS buffer, resuspended in 0.5 ml water, and analyzed for radioactivity. 
Actual influx rates under these conditions were 5.7 pmol/min/10' cells for pH] 
MTX and 3.6 pmol/min/10' cells for pH|-5-CHO-THF. Results are the mean of 
two experiments done in duplicate and expressed as concentration of inhibitor 
reouired to inhibit influx of controls by 50% (IC50). 

* L1210-B73 cells (3 x 10* in 1 ml HBSS, pH 7.4) were incubated for 10 min 
at 4*C with 100 pmol ['H]folic add in the absence or presence of increasing 
concentrations of inhibitors. Relative affinities (given in parentheses) are defined 
as the inverse molar ratio of compound required to displace 50% of [^folic acid 
from the mFBP, Relative affinity of the mFBP for folic add is set to 1. Results 
are the means of at least 3 separate experiments (SD < 1 5 %). 

were considerably different. Table I shows that the affinity of 
the mFBP for the TS inhibitors CB37I7 and ICM 98,583 is in 
the same range as for folic acid. The relative affinity for 5- 
CHO-THF is about 5-fold lower than for folic acid, whereas 
the affinity for MTX and 10-EdAM is more than 30-fold lower. 
Consistent with these results were the cell surface binding 
studies of (^HJfolic acid, pH]ia-l 98,583, i^H]-5-CHO-THF 
and {^HJMTX to L1210-B73 cells. Concentrations at which 
half-maximal binding was observed were 0.9, 2.0, 4.2, and 30- 
35 nM, respectively, and the total ceU surface binding capacity 
was approximately 100 pmol/10^ cells (results not shown). 

Membrane Transport of (Anti)folates in L1210/L1210-B73 
Cells. Uptake over a 24-h time period of the antifolates 
pHJ-MTX and {^H]ICI- 198,583 and the natural folates pH] 
folic acid and pH]-5-CHO-THFby L1210 and L1210-B73 cells 
is shown in Fig. 1. To discriminate between internalization via 
the RF/MTX-carrier or the mFBP in L1210-B73 cells, exper- 
iments were carried out in either the absence or presence of 1 
pM folic acid. Since at this concentration the mFBP is fully 
saturated and folic acid is poorly transported by the RF/MTX- 
carrier (Table 1), uptake of ^H-Iabeled compounds under this 
condition represents the accumulation via the latter transport 
system. The concentrations of ^H]folic acid (25 um), pH}-5- 
CHO-THF (50 UM), and pH]ICH98,583 (25 um) were chosen 
as bemg approximately 10-fold above the concentration for 
half-maximal binding to the mFBP. At the same time these 
concentrations were well below the for transport via the 
RF/MTX-carrier. To compromise for these conditions 
pH}-MTX was used at a concentration of 100 um. 

Fig, 1 shows that the uptake of pHJfolic acid by L1210-B73 
cells is significantly higher than by L1210 cells. Furthermore, 
in the presence of 1 pM unlabeled folic acid, uptake of [^HJfolic 
acid was reduced by more than 95%, which suggests that folic 
acid is internalized predominantly via the mFBP in L1210-B73 
cells. Both the mFBP and the RF/MTX-carrier in L1210-B73 
cells seem to be functional in the uptake of [^H]-5-CHO-THF. 
The mFBP and RF/MTX-carrier contributed for approxi- 
mately 80 and 20%, respectively, in the uptake of pHl-5-CHO- 
THF by L1210-B73 cells over a 24-h period of incubation. 



Uptake of pHJMTX was only slightly influenced by the pres- 
ence of 1 /iM folic acid, which suggests that the RF/MTX- 
carrier rather than the mFBP plays a major role in the uptake 
of pHJMTX. In contrast, the main route for uptake of {^HJICI- 
198,583 in L1210-B73 cells seems to be the mFBP. Although 
L1210 cells and L1210-B73 cells accumulated significant 
amounts of pHJICI-1 98,583 in the presence of folic acid, indi- 
cating uptake via the RF/MTX carrier, more than 85% of 
pH]ICM98,583 uptake in L1210.B73 cells occurred via the 
mFBP. 

After 24 h incubation of L1210-B73 cells with 25 nM pH] 
ICI-1 98,583, cells were analyzed for the presence of polygluta- 
mate forms of the internalized drug. Separation of pHJICI- 
198,583 roonoglutamates from polyglutamate forms showed 
that 67% of total intracellular pHJIQ-l 98,583 had been con- 
verted into polyglutamate forms. Similarly, after incubating 
L1210-B73 cells for 24 h with 50 nM pHl-5-CHO-THF more 
than 85% was present as folylpolyglutamate forms. 

Growth Inhibition Studies. Table 2 shows the growth inhibi- 
tory effects of two folate based inhibitors of DHFR (MTX, 10- 
EdAM) and two folate based inhibitors of TS (CB3717, ICI- 
198,583) on L1210 and L1210-B73 cells. In order to establish 
to what extent the RF/MTX-carrier or the mFBP in LI 210- 
B73 plays a role in membrane transport of these compounds, 
growth inhibition studies were performed in the presence of 20 
nM foUc acid or 20 nM 5-CHO-THF. In case of transport via 



pmol /lO^ cells 
100- 

[^J-MTX 



50- 



[^]-ICI 198.583 













II 


ni,nfc 





100-L 



[^hJ- Folic acid 



50, 



25-. 



m 



[^]-5-CH0-THF 



24 



D 



OB. 



0 



2A 
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Fig. I. Uptake of pH]MTX, pHJIQ- J 98,583, l'H)foIic add, and |»Hf5-CHO- 
THF by L1210 cells (D) and L1210-B73 cells over a 4-, and 24-h time period. 
Extracellular concentrations of (ami)folate compounds were 100, 25, 25, and 50 
nM, Feq>ectively. Uptake by L12 10-B73 cells was determined either in the absence 
(| ) or presence (g|) of 1 /im folic add to discriminate between internalization 
via the RF/MTX-carrier or mFBP. Further details are described in ^Materials 
and Methods.** Results are the mean of at least 3 separate experiments (SD < 
21%). 
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Table 2 Growth inhibition of 112 10 and U2J0-B73 ceils by MTX, lO-EdAM, 
TMQ, CB3727 and ICI- 1 98.583 in the absence or presence of 20 nMfoiic acid or 
5-CHO-THF as putative protective agentsf 







IC50 


(nM)* 


Inhibitor 


Addition 


LI2I0 


L1210-B73 


MTX 


1 nM 5-CHO-THF 
20 DM 5-CHO-THF 
20 nM folic acid 


2.2 ± 1 .0 
4.9 ± 1.4 
2.4 ± I.l 


3.4 ± I.I 
15.2 ±8.6 
10-3 ± 3.6 


10-EdAM 


1 DM 5-CHO-THF 
20 nM 5-CHO-THF 
20 nM folic acid 


0.98 ±0.19 

2.6 ± 1.4 
0.99 ±0.12 


2.9 ± 0.6 
11.3 ±3-1 
4.9 ± 2-0 


TMQ 


1 nM 5-CHO-THF 
20 nM 5-CHO-THF 
20 nM folic acid 


2.9 ± 0.9 
19.2 ± 10.8 
1.7 ±0.6 


8.9 ± 3.8 
131 ±25 
15.6 ±7.9 




20 nM 5-CHO-THF 
20 nM folic acid 


395 ± 32 
790 ± 60 
300 ±65 


2.8 ± 0.4 
4.0 ± 0.4 
28.7 ± 4.5 


ICM 98,583 


1 DM 5-CHO-THF 
20 nM 5-CHO-THF 
20 nM folic acid 


9-1 ± 5.0 
23.0 ± 5.2 
6.6 ± 2.3 


0.92 ±0.42 

5.9 ± 1.4 
56.8 ± 16.9 



' Growth inhibition was determined after 72 h continuous exposure to the 
drugs. 

* ICso is defined as the drug concentration resulting in 50% inhibition of cell 
growth compared to controls. Results are the mean of at least 3 separate 
experiments ± SD. 



the mFBP, high affinity binding of folic acid could provide 
protection from growth inhibition via this route. Likewise, 
addition of 5-CHO-THF, for which the RF/MTX-carrier has a 
high affinity, could result in protection from growth inhibition 
at the level of this carrier. Table 2 also shows the growth 
inhibitory effects of TMQ, an inhibitor of DHFR which, unlike 
MTX or 10-EdAM, enters the cell via a process distinct from 
the RF/MTX carrier (31). 

L1210-B73 cells, grown at 1 nM 5-CHO-THF, were found 
to be less sensitive (1.5- to 3-fold) to MTX, 10-EdAM, and 
TMQ compared to parental LI 210 cells. This difference might 
be partially explained by a 2.7-fold higher activity of DHFR in 
L1210-B73 cells compared to L1210 cells (specific activity, 
0:32 versus 0.12 /^mol dihydrofolate/h/mg protein, respec- 
tively). The addition of 20 nM 5-CHO-THF to L1210-B73 cells 
resulted in a 4.5-fold protection from growth inhibition by 
MTX and 3.9-fold protection from growth inhibition by 10- 
EdAM. To a lower extent 20 nM folic acid also provided a 
partial protection against growth inhibition of L1210-B73 cells 
by MTX and 10-EdAM. 5-CHO-THF (20 nM), but not folic 
acid, gave a significant protection (15-fold) against TMQ cy- 
totoxicity in L1210-B73 cells. This protection factor was 2-fold 
higher than for parental LI 210 cells. Table 2 demonstrates that 
L1210-B73 cells were highly sensitive to CB3717 compared to 
parental cells (IC50, 2.8 versus 395 nM, respectively). In addition, 
significant protection from growth inhibition of L1210-B73 
cells by CB3717 was observed by folic acid (10-foId) rather than 
by 5-CHO-THF (1.6-fold). Although L1210 cells were found 
to be sensitive for ICI-198,583 (IC50 9.1 nM), L1210-B73 cells 
were even 10-fold more sensitive for ICI-198,583 (IC50 0.92 
om). Similarly as for CB3717, protection from ICM98,583 
induced growth inhibition of L1210-B73 cells was more effec- 
tive with folic acid (65-fold) than with 5-CHO-THF (6.4-fold). 
No protection from growth inhibition induced by the listed 
antifolates is observed when L12I0 cells were plated in the 
presence of 20 nM folic acid. 



DISCUSSION 

Although mFBPs have been identified in various nomial and 
neoplastic cells and tissues (4, 11, 12, 14, 32-47), their phys- 
iological and/or pharmacological role in vivo is less well estab- 
lished and is a subject of ongoing discussion: (a) it is evident 
that in cells or tissues obtained under physiological conditions, 
the cellular expression of mFBP may not be as high as has been 
observed in established cell lines maintained in vitro in folate 
conditioned medium (13, 14, 20, 22, 32, 33, 44); (b) when 
mFBPs are present on the cell surface they will likely be 
saturated with 5-CH3-THF (the predominant circulating re- 
duced folate compound) for which the mFBP has a high binding 
affinity (4, 11, 12, 17). This may hamper the identification of 
mFBPs via binding studies with radiolabeled folate compounds; 
(c) since the mFBP has a high binding affinity for natural 
reduced folates and is therefore able to internalize these com- 
pounds very efficiently (17, 18, 48), cells may not necessarily 
have to express high levels of mFBP to meet their folate 
requirements for cell growth; (d) it requires sensitive aflinity 
probes to detect very low cellular levels of mFBP (34, 49). For 
these reasons, the number of studies regarding the identification 
and functioning of mFBPs in (non)malignant cellular material 
obtained in vivo or maintained in vitro in folatie conditioned cell 
culture medium has been limited at this time. 

One of the possible physiological roles of the mFBP may be 
in the renal retention of folates. There is evidence that mFBP 
on the brush border membrane of kidney proximal tubules plays 
a decisive role in maintaining the folate status in mammals (50, 
51), The mFBP has also been reported to mediate the cellular 
folate accumulation in human hematopoietic progenitor cells, 
a process which was found to be directly related to cell prolif- 
eration (35, 36). 

It has not been established whether mFBPs, as compared to 
the RF-carrier, represent a pharmacologically important route 
for uptake of antifolate drugs. In the present study we were able 
to address this question by using L1210-B73 cells as a model 
system. L1210-B73, a subline of murine L1210 leukemia cells 
adapted to grow at nanomolar concentrations of 5-CHO-THF, 
expresses the RF-carrier as well as mFBP within one cell (22). 
The affinities of both proteins for natural folate compounds, 
folate based inhibitors of DHFR, and folate based inhibitors of 
TS were analyzed in Table 1 . The mFBP exhibited a low affinity 
for MTX and 10-EdAM as compared to folic acid and 5-CHO- 
THF. In contrast, the mFBP demonstrated a high affinity for 
the folate based TS inhibitors which is nearly identical (ICTI- 
198,583) or even higher (CB3717) than for folic acid. On the 
other hand, the RF-carrier has a high affinity for MTX, 10- 
EdAM, and ICI-198,583 but a poor affinity for CB3717. Table 
2 illustrated that the affinities of the RF-carrier and mFBP for 
the antifolate compounds correlated with the uptake studies 
(Fig. 1) and growth inhibitory effects on L1210 and L1210- 
B73 cells. In addition, the degree of protection from folic acid 
and 5-CHO-THF against the growth inhibitory effects of the 
folate based inhibitors of DHFR and TS were consistent with 
the relative affinities of the mFBP and RF-carrier for these 
natural folate compounds. Fig. 1 also showed that over a period 
of 24 h the accumulation of pHpS-CHO-THF in L1210-B73 
cells is higher than for pHJfolic acid, even though the affinity 
of mFBP for folic acid is higher than for 5-CHO-THF, It is 
reasonable to assume that this difference is explained by a 
slower release of pH]folic acid from the mFBP and/or reflects 
a more efficient metabolism and retention of polyglutamate 
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forms of [^H]-5-CHO THR In this respect, higher rates of 
entry of 5rCHO-THF and/or folic acid in L1210-B73 cells may 
al^ contribute to interactions with antifolates within the cell. 
In the case of MTX and 10-EdAM, competition at the level of 
polyglutamylation (52, 53) or transformylation (53, 54) may 
result in a better protective effect of 5-CHO-THF on growth 
inhibition. The protective effect of 20 nM 5-CHO-THF on 
TMQ growth inhibition cannot be accounted for on the basis 
of effects on polyglutamylation, transport, or inhibition of the 
above en2>Tnes. Rather, the competition of 5-CHO-THF and 
its metabolites with TMQ for binding to DHFR, to result in a 
reactivation of the enzyme (55-57), may form the basis for a 
diminished growth inhibitory effect of TMQ on L1210-B73 
cells (Table 1). 

These results with L1210-B73 cells, as well as other studies 
reported by our laboratory for human CCRF-CEM cells (16), 
suggest that mFBP is unlikely to play an important role in the 
membrane transport of folate based DHFR inhibitors. The low 
affinity of the mFBP for MTX/lO-EdAM and the fact that 
under physiological conditions 5-CH3-THF will strongly com- 
pete for binding to the mFBP are unfavorable conditions for 
binding and transport via the mFBP. On the other hand, there 
can be a role for the mFBP in the uptake of a new series of 
folate analogues with target enzymes other than DHFR. The 
TS inhibitors CB3717 and related compounds like ICM 98,583 
have been designed in light of the development of cellular 
resistance to MTX due to increased levels of DHFR (23, 24). 
Another novel antifolate, DDATHF, has been identified as a 
potent inhibitor of glycinamide ribonucleotide transformylase, 
one of the folate dependent enzymes in purine biosynthesis de 
novo (58, 59). These newly synthesized antifolate drugs have 
been tested in preclinical models and in patients (60-64). In 
phase I clinical^mals with some of these new antifolates some 
rather unexpected severe side effects have been observed which 
might be related to the high affinity binding and transport via 
the mFBP. In a recent study, Grindey et al. (65) have shown 
that toxicity of DDATHF was increased 100-fold when mice 
were placed on a folate free diet for 2 weeks prior to treatment 
with this compound. High doses of folic acid in the drinking 
water completely reversed this toxicity but also the antitumor 
effects, whereas low doses of folic acid prevented the dietary 
induced toxicity while maintaining the growth inhibitory effects 
on the xenograft carcinomas. Since the binding affinity of the 
mFBP for DDATHF, CB3717, and ICM 98,583 is very high 
and folic acid (rather than 5-CHO-THF) is able to provide 
protection against growth inhibition by these drugs (Table 2; 
Ref. 66), these results may be compatible with the involvement 
of mFBP in membrane transport of these type of antifolate 
compounds. Further studies must establish whether the pres- 
ence of mFBP in a variety of normal cells and tissues is an 
important factor in toxicity of normal cells to folate based 
inhibitors of TS and glycinamide ribonucleotide transformy- 
lase. Based on the high affinities of the RF-carrier for ICI- 
198,583 (Table 1; Ref. 66) and DDATHF (66, 67), uptake of 
these compounds in tumor cells can also proceed via the this 
carrier system which is expressed in a great number of neoplas- 
tic cells (2, 4). The nanomolar concentrations of radiolabeled 
compounds used in Fig. 1 were selected to be saturating for the 
mFBP but not for the RF-carrier in L1210-B73 cells. It can be 
expected that at higher extracellular concentrations (micromo- 
lar range) the contribution of the RF-carrier in the uptake of 
(anti)folate compounds in L1210-B73 cells may proportionally 
increase due to more favorable transport kinetic conditions for 
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this carrier system, whereas the saturation of mFBP will be 
unchanged. 

The mechanism of (anti)folate uptake via the mFBP is not 
well understood. Immunofluorescence studies with anti-mFBP 
antibodies on MA 104 cells (68) indicated that the mFBP-folate 
complex itself may not be internalized via a classical receptor- 
mediated endocytosis mechanism. It has been hypothesized (18, 
69) that the mFBP serves as a concentrator of folate compounds 
which are then translocated over the membrane via a second 
carrier system (e.g., the RF-carrier). In L1210-B73 cells, which 
express both mFBP and RF-carrier, we did not find evidence 
for coupling the action of the RF-carrier to the mFBP. Both 
transport systems seem to operate independently from each 
other. This can be concluded from the fact that, despite the 
presence of mFBP in L1210-B73 cells, there is almost no 
difference in growth inhibition by MTX for L1210 and L1210- 
B73 cells (Table 2). Furthermore, if the RF-carrier in LI 210- 
B73 cells would be coupled to mFBP, it is difficult to explain 
the potent growth inhibitory effect of CB3717 on L1210-B73 
cells (Table 2) when the RF-carrier has only a poor affinity for 
this compound (Table 1). Also, the RF-carrier also has a very 
low affinity for folic acid (Table 1), which results in a very low 
cellular uptake of this compound in L1210 cells but not in 
L1210-B73 cells, suggesting that uptake of (^Hjfolic acid pre- 
dominantly proceeds via the mFBP. Finally, in human CCRF- 
CEM leukemia cells which express mFBP and have no func- 
tional RF-carrier, uptake of folate-based TS inhibitor can pro- 
ceed solely via mFBP (16). Currently, studies are under way to 
investigate in more detail the molecular events in (anti)folate 
uptake via mFBP by using a photoaffinity analogue of folic 
acid (70). 

In summary, this study has evaluated the role of the RF- 
carrier and mFBP in membrane transport of natural folates and 
folate analogues that are inhibitors of DHFR and TS. The 
results suggest that the mFBP plays a minor role in the mem- 
brane transport of folate based DHFR inhibitors but could be 
an important transport route for folate based TS inhibitors. 
The presence of mFBP in various normal tissues and the high 
affinity of mFBP for these types of antifolates indicate that 
there may be ^ pharmacological role for mFBP, e.g., in dealing 
with the toxic effects to normal cells by nonclassical antifolates. 
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Abstract 

The folate receptor is a highly selective tumor marker overexpressed in greater dian 90% of ovarian carcinomas. Two 
general strategies have been developed for the targeted delivery of drugs to folate receptor-positive tumor cells: by coiipling 
to a monoclonal antibody against the receptor and by coupling to a hig}i affinity ligand, folic acid. First, antibodies against 
the folate receptor, including their fragments and derivatives, have been evaluated for tumor imaging and immunother^y 
clinically and have shown significant targeting efficacy in ovarian cancer patients. Folic acid, a high affim'ty ligand of the 
folate receptor, retains its receptor binding properties when derivatized via its 7-caiboxyl. Folate conjugation, therefore, 
presents an alternative method of targeting the folate receptor. This second strategy has been successfully ^plied in vitro for 
the receptor-specific delivery of protein toxins, anti-T-ccU receptor antibodies, interleukin-2, chonotherapy agents, 7- 
emitting radiopharmaceuticals, magnetic resonance imaging contrast agents, liposomal drug carriers, and gene transfer 
vectors. Low molecular weight radiopharmaceuticals based on folate conjugates showed much more favorable phar- 
macokinetic properties than radiolabeled antibodies and greater tumor selectivity in folate receptor-positive animal tumor 
models. The small size, convenient availability, simple conjugation chemistry, and presumed lack of immunogenicity of folic 
acid make it an ideal ligand for targeted delivery to tumors. © 2000 Elsevier Science B.V. All rights reserved. 
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1. Introduction 

Targeted drug delivery systems promise to expand 
the therapeutic windows of drugs by increasing 
delivery to the target tissue as well as the target- 
non-target tissue ratio. This will in turn lead to a 
reduction in the minimum effective dose of the drug 
and the accompanying drug toxicity, and an im- 
provement in therapeutic ef&cacy at equivalent plas- 
ma concentrations. Given the often lunited number 
of targeted receptor sites on any given target tissue, 
targeted delivery is a particularly attractive q)proach 
for agents with narrow the^^>eutic windows and/or 
are active at very low concentrations. 

For targeted delivery to tumor, the cellular target 
often consists of a membrane-bound tumor-associ- 
ated antigen (TAA). ITie receptor for vitamin folate 
has been identified as a maricer for ovarian car- 
cinomas and has also been foimd to be fi^uently 
overcxpressed in a wide range of other types of 
tumors, therefore, presents an attractive target for 
tumor-selective drug delivery [1-9]. 



2. Overexpression of folate receptors in human 
tumors 

Folate receptor (FR), also known as the high 
affinity membrane folate-binding protein, is a 
glycosylphosphatidylinositol (GPI)-linked membrane 
glycoprotein with an apparent molecular weight of 
38-40 kDa [10]. Two membrane-bound isoforms of 
FR have been identified in humans, designated a and 
p. FRs bind folic acid (an oxidized form of folate) 
with high afiSnity. FR a-isoform has a dissociation 
constant QC^) for folic acid of --0,1 nM, which is 
^proximately 10-fold lower than its for reduced 
folates (e.g., 5-methyltetrahydrofol^) [11,12]. The 
role of FR in cellular folate transport is not well 
understood, although a "potocytosis" model has 
been proposed [13]. FRs were found to be clustered 
in non-coated membrane regions called caveolae. 
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Localization of FRs in caveolae and receptor inter- 
nalization can be induced by receptor crosslinking 
and is regulated by cholesterol [13,14]. Rather dian 
the FR, an anion transporter with a in the 
micromolar range and sensitivity to the anion trans- 
porter inhibitor probenecid appeared to be respon- 
sible for the transmembrane cellular tran^rt of 
physiological forms of the folate coenzyme, S- 
methyltetrahydrofolate [15]. 

While elevated expression of FR has frequently 
been observed in various types of human cancers, the 
receptor is generally absent in most normal tissues 
widi the exceptions of choroid plexus, placenta, and 
low levels in lung, thyroid and kidney [8]. Although 
FR type P has been found on CD34 + cells, the 
receptor curiously lack afBnity for [^H] folic acid 
and various folate derivatives [9]. FR type a is 
frequently overexpressed in tumor cells in culture 
and epithelial lineaged tumors such as ovarian 
carcinomas. Several studies show that over 90% of 
ovarian carcinomas overexpress the FR [4,7]. Ex- 
pression of the receptor is mostly homogeneous in 
ovarian cancer tissue samples [4]. In a recent study, a 
monoclonal antibody against the type a rcceptOT, 
LK26, was used to determine the firequency of FR 
overexpression in human tumors by indirect im- 
munohistochemical staining [4]. High frequencies of 
receptor overexpression were found in many types of 
tumors, including ovarian (52 of 56 cases tested), 
endometrial (10 of 11), colorectal (6 of 27), breast 
(11 of 53), lung (6 of 18), renal cell (9 of 18) 
carcinomas, brain metastases derived fcom epidielial 
cancers (4 of 5), and neiuroendocrine carcinomas (3 
of 21) [4], In a separate study, quantitative reverse 
transcription polymerase chain reaction (RT-PCR) 
analysis was used to determine the mRNA transcript 
levels of both subtypes of the FR in various human 
tumor tissues, and [^H] folic acid binding was also 
used to determine the FR ligand binding capacity in 
these tissues [7]. Highly elevated levels of the FR 
were detected in choriocarcinomas, meningiomas, 
uterine sarcomas, osteosarcomas, non-Hodgkin*s 
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decrease in the rate of cellular proliferation rather 
than an increase, suggesting FR expression may not 
provide a growth advantage to rapidly dividing cells 
in all cases [19]. Studies also show that high levels 
of FR egression are associated with increased 
biological aggressiveness of ovarian carcinomas as 
shown by a higher percentage of S-phase cells and 
increased resistance to chemotherapeutic agents [20]. 
Thus FR elevation may be a useful prognostic factor. 

The prevalence of FR overexpression among 
human tumors makes it a good maricer for targeted 
drug delivery to these tumors. Two strategies have 
been developed for FR-specific drug targeting: (1) 
coiq>ling to monoclonal antibodies (e.g., MOvl8) 
agamst the FR; and (2) coupling to folic acid, in 
which folic acid functions as the targeting ligand. 
High affinity FR binding is retained when folate 
(Fig. 1) is covalently linked via its -y-carboxyl group 
to a foreign molecule. The general model for the 
cellular uptake of drug conjugates targeted to the FR 
is illustrated in Fig. 2. 

This review summarizes recent studies on the 




Fig. 2. A schematic diagram of the folate receptor-mediated cndocytosis pathway. 



lymphomas, and promyelocytic leukemias [7]. FR 
type 3 is frequently overexpressed in non-epithielial 
lineaged tumors such as sarcomas and acute myeloid 
leukemias but not in established cell lines of the 
same origin [16]. The causes of FR overexpression 
in cancers are unclear. Transfection and expression 
of FR on NIH/3T3 cells provides cells with the 
ability to survive in low folate medium and increased 
cell growth both in vitro and in vivo [17,18]. 
However, another study showed that transfection of 
cervical carcinoma cells with FR cDNA led to a 
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Fig. 1. The structure of folic acid. The a and y caiboxyl groups 
are labeled 



ISO 



J, Sudimack, RJ, Lee I Advanced Drug Delivery Reviews 41 (2000) 147-162 



diagnostic and therapeutic applications of targeting 
the FR in vitro and in vivo iising either folate or 
monoclonal antibodies against the FR. The drugs or 
drug carriers evaluated include liposomes, protein 
toxins, plasmid DNA complexes, imaging, chemo- 
therapeutic, and immunotherapeutic agents [27^8]. 
Targeted drug delivery via the FR has been reviewed 
in several recent articles [21-26]. 

3. Delivery of radiopharmaceuticals 

Radioactive tracer techniques are widely used in 
the diagnostic imaging of tumors due to their ability 
to non-invasively probe for tissue pathophysiology. 
The development of new and improved tumor-selec- 
tive radiopharmaceuticals is clmically desirable as a 
means of: (i) detecting and/or confirming the pres- 
ence and location of primary and metastatic lesions; 
(ii) probing biochemical features of neoplastic tissue 
that have implications for tumor staging and/or 
subsequent treatment planning; and (iii) monitoring 
tumor response to treatment Photon emitting 
^radiopharmaceuticals that can be used to generate 
planar and/ or tomographic (SPECT) images com- 
prise the cornerstone of current nuclear medicine 
practice due to the widespread availability of appro- 
priate radionucUdes (e.g./'"Tc, '"l."Ga, and '"in), 
FDA-approved radiopharmaceuticals, and the re- 
quired imaging equipment Actively targeted 7-emit- 
ting radiopharmaceuticals promise to greatly improve 
the specificity and sensitivity of scintigraphy imaging 
procedures. If sufficient tumor specificity can be 
achieved, radiopharmaceuticals labeled with an 
appropriate a- or p-emitting radionuclide can also 
provide an attractive means for site-selective radia- 
tion ther^y. Criteria for radionuclide selection b the 
development of diagnostic or ther^utic radiophar- 
maceuticals include the physical and biological half- 
lives of the radionuclide, presence or absence of 
particulate emissions and conversion electrons, as 
well as the pharmacokinetic and biodistribution 
properties of the radiopharmaceutical. 

Monoclonal antibodies have been evaluated clini- 
cally for the tumor-selective delivery of radionu- 
clides for both therapeutic and diagnostic purposes 
through techniques including radioimmimoscintig- 
raphy (RIS), single-photon-emission computed 



tomography (SPECT) and radioimmunotherapy 
(RTT). Radiolabeled MOvlS, a monoclonal antibody 
against the FR, and its fragments were used in 
clinical studies in ovarian cancer patients. 

3,1. Delivery of radionuclides utilizing MOvlS 

Radiolabeled antibodies against the FR have been 
used in the immunohistochemical detection of tissue 
FR expression, in planar or tomogr^hic (SPECT) 
imaging, as well as in radioinununother^y treatment 
of ovarian carcinomas. 

In a recent clinical study, '^'l-M0vl8 was ad- 
ministered either intravenously (i.v.) or intrq>eritone- 
ally (i.p.) to 30 patients with ovarian carcinoma. 
Radioimmunoscintigraphy (RIS) was carried out in 
this study to compare the two routes of administra- 
tion. A more favorable tumor to non-target (T/NT) 
ratio (2.8 vs. 1.9) and tumor uptake (1.3% vs. 0.8%) 
resulted when the '''l-MOvl8 was delivered intra- 
peritoneally. For diagnostic applications, the i.p. 
route of administration was not very practical. How- 
ever, the significant increase in targeting ratio 
achieved via die i.p. route compared to die i.v. route 
suggests that it may be more appropriate for certain 
therapeutic applications. The average sensitivity of 
this method was shown to be 73% (55 tumors 
detected out of a total of 75 tumors) and the 
specificity was 100% [29], 

In a separate clinical study, 16 patients with 
minimal residual disease of ovarian cancer were 
treated by radioimmunother^y (RIT) with a single 
i.p. dose of '^"l-MOvl8. Complete re^nse (CR) 
was observed in five patients, no change (NC) in six 
patients, and progressive disease (PD) in five pa- 
tients [30]. Furthermore, one patient exhibited long- 
term CR in a follow-up exam [30], 

In single-step radioimmunoimaging protocols, pa- 
tients are exposed to radiation for a relatively long 
period of time since it was shown to take approxi- 
mately 48-72 h for the optimal T/NT ratios to be 
reached following radiotracer administration [29]. In 
order to minimiTe patient radiation exposiue, a two- 
step method was developed. In a two-step protocol, 
an initial i.p. injection of biotinylated MOvlS was 
followed by a waiting period, which allows tiie 
MOvlS to localize in tumors, and then an i.p. 
injection of '"in-streptavidin was administered. 
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SPECT \yas then performed for tumor imaging. The 
mean T/NT ratio obtained was higher (9 vs. 2.8) 
than when the conventional one-step method was 
utilized [31]. The improvement in tumor targeting 
was due to the reduced size and accelerated systemic 
clearance of the radiotracer "*In-streptavidin in 
comparison with the radiolabeled whole antibody. 
However, this method has limited ^peal for clinical 
imaging applications due to the requirement for 
repeated i.p. injections at various time intervals and 
the potential inmiunogenicity of the streptavidin. 

Finally, a three-step method was developed where 
patients were administered biotinylated MOvl8, 
avidin, followed by '"in-labeled biotin. The T/NT 
ratio obtained was 1.7, in contrast to 9 for the 
two-step method. The relatively poor contrast of this 
procedure was due to the internalization of the 
antibody /antigen complexes induced by avidin 
crossiinking [32]. The receptor-bound avidin, tiiere- 
forc, is no longer accessible to the radiolabeled 
biotin derivative. While detrimental to tumor imag- 
ing, this mechanism of cellular internalization may 
be exploited for FR-mediated delivery of certain 
therapeutic agents. 

3.2. Delivery of radionuclides utilizing low 
molecular weight folate conjugates 

Radiolabeled low molecular weight folate conju- 
gates compared to radiolabeled antibody have greatiy 
reduced size, therefore, much fester systemic clear- 
ance. This in turn leads to increased tumor to 
background ratios. The radionuclides which have 
been evaluated as folate conjugates include ^^Ga, 
*In, and '*™Tc. The results are sununarized as 
follows: 

*'Ga and "'in are 7-emitting radionuclides com- 
monly used in medical imaging procedures with 
half-lives of 78 h and 68 h, respectively. When 
administered as a citrate complex, ^^Ga, forms a high 
affinity complex with circulating transferrin. Since 
the transferrin receptor is frequently overe^ressed in 
various types of tumors, the *^Ga-transferrin com- 
plex preferentially localizes in the tumor, which 
allows for tumor imaging [33-35]. Deferoxamine is 
a commonly used chelator that forms a stable 
complex with Ga, *'Ga-labeled deferoxamine (DF) 
conjugates have been frequently used in positron 



emission tomography (PET) and gamma scintig- 
raphy [36-38]. For FR imaging, folate was conju- 
gated to deferoxamine via its amino group [39]. The 
resulting conjugate, deferoxamine-folate (DF-folate), 
was efficiently labeled with "Ga [39]. *^Ga-DF- 
folate was shown to have 100 times greater uptake in 
FR-positive oral carcinoma KB cells than the non- 
targeted *^Ga-DF [39]. Furtiier, KB cell binding was 
completely blocked by excess free folate, indicating 
that binding was specific for the FR [39]. "Ga-DF- 
folate was then evaluated for its tumor localizing 
properties in athymic mice, on a folate free diet, 
carrying xenograft implants derived from subcuta- 
neously injected KB cells [40,41], The tumor to 
blood ratio obtained at 4 h post i.v. injection reached 
409 to 1, which was fer superior than various 
controls including *^Ga-DF and ^Ga-citrate. Only, 
the tumor and the kidneys accumulated high levels of 
the radionuclide conjugate. Radioactivity clearance 
from the tumor and the kidneys was slower than 
from other organs, resulting in even higher tumor to 
blood ratios ( > 1 000) at 24 h post injection [40]. 
The undesirable radionuclide accumulation in the 
kidneys was likely due to the presence of FRs in the 
kidney proximal tubules. Targeting efficacy was 
much poorer in mice on the folate-enriched regular 
rodent diet or when excess free folate was pre- 
administered as a receptor blocking agent [40]. In 
addition, the superb imaging property exhibited by 
*^Ga-DF-folate was primarily attributable to its rapid 
blood clearance kinetics. 

An "'in-Iabeled diediylenetriaminepentacetic acid 
(DTPA)-folate was also synthesized and evaluated 
both in vitro and in vivo using the KB xenograft 
tumor model, as described for Ga-DF-fokte [42]. 
The tumor to blood ratios obtained at 4 h post i.v. 
administration was 82 to 1 [43]. Overall the data 
obtained with '"in-DTPA-folate was very similar to 
those for *^Ga-DF-folate. There was, however, a 
significant reduction in hepatobilliary clearance of 
this agent compared to *^Ga-DF-folate. The overall 
clearance kinetics of this agent, tiierefore, was more 
r^id and more fevorable for tumor imaging, '"in- 
DTPA-folate is currently being developed as a 
clinical imaging agent. A phase l/U radioimaging 
clinical study on In-DTPA-foIate is being con- 
ducted at the University of Texas MD Anderson 
Cancer Center in ovarian cancer patients. 
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Co0^>ared to '**In and *^Ga, ^"*Tc is considered 
to be 8 more favorable radionuclide for radioimaging 
applications due to its short half-life of 6 h, a 140 
loV Y-radiation energy, which is optimal for avail- 
able imaging equq>ment, and low cost. A novel 
folate conjugate of a Tc-chelating ligand, 6-hy- 
drazinonicotinamido-hydrazido (HYNIC>folate, was 
recratly syndiesized in our kboratory (Fig. 3). 
HYNIC-folatc was radiolabeled with ^^Tc using 
tricine and trisodium triphenylphosphine-3,3 ',3*- 
tisulfonate (TPPTS) as co-ligands. The receptor 
binding property of **"*Tc-HYNIC-folate was studied 
in cultured KB cells. FR-mediated iq)take was ^ 300 
times the non-specific binding in the presence of 1 
mM free foUc acid (Fig. 4). '^c-HYNIC-folate was 
fuitber evaluated in a C57BL/6 mouse model carry- 
ing syngeneic solid tumor grafts derived ftom 24JK- 
FBP cells, a methylcholanthrene-induced sarcoma 



cell line transfected with the human FR type alpha 
[44]. Tumor to blood ratios reached 55 and 81 at 4 h 
and 24 h post i.v. injection of the radiotracer, 
respectively [45]. Tumor xxptekt of flie radioconju- 
gate was blocked by the co-injection of 100 of 
free folic acid, indicating the role of the FR in tuinor 
localization. Tumors were clearly identifiable in 
ganuna-camera images (Fig. 5). Two other ^Re- 
labeled folate conjugates have been synthesized and 
evaluated for gammii . imftging ^ including *'°*Tc- 
DTPA-folate and •*"Tc-cthylencdicystein^folate, 
each showing good tumor selectivity [46,47]. 

Regardless of the specific radionuclide chelate- 
folate conjugate used. Ugh levels of die radiotracers 
were consistently found in the kidneys besides the 
tumors. This poses a potential challenge for applica- 
tion of low molecular weight folate conjugates in 
targeted radiotherapy. However, the high selectivity 
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Fig. 3. Stnacture of 6-hydraziiK}nicotmamid(>-hydrazido (HYNIC>folate. 
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Fig. 4. ••"Tc-HYNIC-folate iq>take by culture tumor ccUa. 
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Fig. 5. Gamma camera image of a mouse treated with '*°*Tc- 
HYNIC-foIatc. 



and the rapid clearance kinetics of these conjugates 
make them ideal candidates for development as 
imaging agents for the detection of FR positive 
tumors. 



4. Delivery of liposomal drug carriers 

Liposomes are phospholipid bilayer vesicles. As 
drug carriers, liposomes possess the following prop- 
erties: (1) the ability to entrap hydrophilic drug 
molecules in its aqueous interior and/or incorporate 
hydrophobic molecules in its bilayer(s); (2) long 
systemic circulation time; (3) efficient uptake by the 
reticuloendothelial system (RES); and (4) preferen- 



tial accumulation in solid tumors due to increased 
endothelial permeability and reduced lymphatic 
drainage [48-51], Low liposome encapsulation ef- 
ficiency is a limiting factor for deUvery of hydro- 
philic drugs and has been addressed in the delivery 
of an antitumor agent doxorubicin through the recent 
development of die "remote-loading" method [52]. 
Modification of the liposome surface with poly- 
ethyleneglycol (PEG) has resulted m reduced RES 
uptake and further prolonged circulation time [53- 
60]. 

The therapeutic efficacy of drug carrying lipo- 
somes can potentially be greatly improved if they 
could be targeted selectively to the tumor. Mono- 
clonal antibodies and their fiagments have been 
attached to the liposome surface to construct im- 
mimoliposomes [54-57]. The clinical potential of 
inmumoliposomes is limited because: (1) the target- 
ing ligand is immunogenic. The elicitation of a 
human-antimouse IgG antibody (HAMA) response 
precludes repeated administration of immuno- 
liposomes; (2) covalent attachment of a protein to a 
liposome is technically challenging. The conjugation 
chemistiy for attaching antibodies to lipids is cum- 
bersome and may result in partial denaturation of the 
targeting ligand; (3) proteinaceous ligands are prone 
to denaturation iqx>n exposure to organic solvent, 
limiting the methods available for liposome prepara- 
tion; (4) immimohposomes are often imstable and 
tend to lose immunoreactivity \q>on storage and/or 
become rapidly cleared upon injection via re- 
ceptor-mediated RES uptake; and (5) few tumor- 
specific antibodies iare available in quantities needed 
for drug targeting. 

For effective targeting of liposomes, folate has to 
be attached via a long PEG spacer (e.g., PEG M^ • 
3350) to overcome the steric hindrance encountered 
at the cell surface [61]. In cultured KB cells, 
liposome uptake appeared to saturate at ^^2.5 x 10^ 
sites/cell [61]. The cellular iqstake of folate-PEG- 
liposomes was saturable and could be blocked with a 
high concentration (1 mM) of fi^ee folic acid [60]. 
The requirement for high concentrations of fiee 
folate for effective receptor blocking indicated that 
folate-targeted liposomes had very high affinity for 
receptor-bearing tumor cells, possibly due to its 
capacity to interact with cellular FRs via multivalent 
interaction [61,62]. Folate-targeted liposomes encap- 



154 



J. Sudimack, RJ. Lee I Advanced Drug Delivery Reviews 41 (2000) 147-162 



sulating a fluorescent dye, calcein, were shown to be 
taken up by cultured KB cells via receptor-mediated 
endocytosis and displayed punctate fluorescence 
pattern when examined under a fluorescence micro- 
scope [61], FoIate-PEG-liposomes entrapping doxo- 
rubicin were evaluated in cultured KB cells for its 
Intake and cytotoxicity [63]. Cellular doxorubicin 
uptake following incubation with these liposomes 
was 45-fold higher than that of non-targeted Upo- 
somes and 1.6 times higher than free doxorubicin, 
and the cytotoxicity of these liposomes was 86 times 
and 2.7 times higher, respectively [63]. The cellular 
iq)take of the folate-PEG-liposomes was imaffected 
by the presence of physiological concentrations of 
folate in the culture medium [63]. 

Folate-targeted liposomes have also been used to 
deliver an antisense oligodeoxyribonucleotide, which 
inhibits the expression of epidermal growth factor 
receptor (EGFR) [64]. The main obstacles to the 
therq)eutic ^plication of antisense oligodeox- 
yribonucleotides were poor cellular uptake, short 
plasma half-life, and lack of tissue ^cificity. 
Folate-PEG-liposome-encapsulated oligonucleotides 
were efficiently delivered as indicated by increased 
cellular uptake. These liposomal oligos were also 
shown to effectively suppress the expression of 
EGFR in KB cells and to inhibit cell growth [64]. 

Folate conjugates and folate-targeted liposomes 
were shown to be internalized into a low-pH cndo- 
somal compartment by FR-bearing cells via receptor- 
mediated endocytosis. The rates of liposome content 
release following endocytosis and cytosolic drug 
delivery are effected by the environmental pH and 
intraliposomal buffer strength [65], Further, the rate 
of endosomal release of liposome-entrapped drug 
molecules could be greatly increased by the utiliza- 
tion of a pH-sensitive lipid composition or attach- 
ment of pH-sensitive fiisogenic peptides to the 
surfece of liposomes [66,67]. 

Folate offers many unique advantages as a target- 
ing ligand for liposomes over antibodies. It is non- 
immunogenic, is not prone to denaturation, has good 
stability, has simple and defined conjugation chemis- 
try, is highly specific for tumors* is available in large 
quantities, and is compatible with the use of organic 
solvent during preparation. Due to the relative large 
size (50-200 nm in diameter) of liposomes and their 
tendency to passively accumulate in tumor tissues, it 



is difficult to predict whether the incorporation of a 
targeting ligand could further improve liposome 
uptake by solid tumors in terms of overall tumor 
accumulation. Previous studies with immimo- 
liposomes were sparse and results have been mixed. 
While there was generally very limited increase in 
tumor accumulation due to targeting based on per- 
cent injected dose per gram of tumor tissue, sig- 
nificantly improved therapeutic efficacy has been 
observed in some cases. For example, intraveneously 
administered anti-HER2 immunoliposomes carrying 
doxorubicin have shown significantly improved 
tumor penetration, mtracellular accumulation, and 
antitumor activity compared with non-targeted con- 
trol liposomes, which primarily accumulated in the 
interstitial space [57]. Therefore, beneficial effects of 
liposome targeting are likely found at the cellular 
and subcellular levels. 



5. Delivery of gene transfer vectors 

Gene therapy presents a promising approach for 
die treatment of human diseases. A series of po- 
tential therq>eutic DNA constructs for cancer gene 
therapy have been developed including those coding 
for suicide genes, cytokines, tumor-suppresser genes, 
antisense genes/oligonucleotides, and ribozymes. 
The clinical application of gene therapy, however, 
has been limited by the availability of suitable gene 
transfer vectors. An ideal gene transfer vector should 
be safe, stable, cost-effective to produce in clinically 
relevant quantities, and c^p^ble of efficient and 
tissue-specific g^e delivery. 

S.L Viral vectors 

Most of the gene transfer vectors currently imder 
clinical evaluation are based on genetically en- 
gineered replication-defective viruses, e.g., retroviral 
vectors, adenoviral vectors, and adeno-associated 
viral vectors. While often quite efBdent in gene 
transfer, viral vectors suffer from oncogenic risks 
associated with random insertion into the host 
genome (for retro- and adeno-associated viruses) and 
elicitation of a host immune response, resulting in 
the elimination of the transduced cells and prevent- 
ing repeated use of the vector due to induction of 
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neutralizing antibodies (for adenoviruses). There is 
also the risk of genetic recombination inside the cell 
that leads to the generation of infectious viral 
particles. Viral vectors are also limited in gene- 
carrying capacity and are challenging to manufacture 
and purify in clinically relevant quantities. Due to 
these limitations, there has been considerable interest 
in the development of non-viral vectors based on 
synthetic components. Viral vectors can be targeted 
through attachment of a ligand. I>ouglas et. al. 
showed that folate coi^)led to F.j, fragments against 
the adenoviral fiber was able to redirect the viral 
vector to specifically transfect cells that are positive 
for the FR [80]. 

5.2, Non-viral vectors 

Existing synthetic non-viral vectors often consist 
of DNA complexes of cationic liposomes and/or 
cationic polymers [68,69]. They have the common 
advantages of being non-iihihunogenic, easy to 
produce, and non-restrictive on the size of the DNA 
molecule it carries. The structure and gene transfer 
activity of these complexes is dependent on both 
vector composition and the formulation method. 
Monovalent cationic lipids form a difierent type of 
DNA complex (lipoplexes) than cationic lipids with 
a multivalent cationic head group or when cationic 
lipid is used in conjunction with a polycation 
(Upopolyplexes). Under fieeze-fracture electron mi- 
croscopy, monovalent cationic lipid/DNA complex- 
es (lipoplexes) often appears as "spaghetti-like" 
structures consisting of lipid-coated DNA double 
helix strands. The multivalent cationic lipid/DNA 
complexes and Upopolyplexes are often more com- 
pact in size and more active in gene transfer (in the 
absence of serum) [70]. However, the transfection 
activity of these complexes is usually highly sensi- 
tive to the presence of serum in the culture media. 
The gene transfer efBciencies of non-viral vectors are 
often much lower than viral vectors, especially when 
administered in vivo. Also, the performance of these 
vectors is quite variable depending on the route of 
injection. Major problems with existing non-viral 
vectors are vector aggregation, non-specific tissue 
uptake, rapid systemic clearance, and undeshable 
organ distribution patterns determined by the first- 
pass effect 



A common flaw in the design of positively 
charged DNA complexes for gene transfer is that the 
formulations are usually optimized for gene transfer 
in vitro. In tissue culture, cellular uptake of the DNA 
complexes is mediated by charge interaction between 
the positively charged DNA complexes and the 
negatively charged cellular membrane. This inter- 
action fiirther induces ceUular internalization via 
endocytosis of the DNA complexes. However, when 
administered into the blood stream, the DNA com- 
plexes are placed in an enviroiunent rich in nega- 
tively charged plasma proteins and circulating blood 
cells. The positive charge of the complex is instantly 
neutralized and the complexes aggregated and ac- 
cumulate in the lung by pulmonary embolism and/or 
by the liver due to first pass effect. Since the positive 
charge of the DNA complexes is primarily contribut- 
ing to the extent of vector aggregation and is not 
likely to be available for target cell interaction, 
negatively charged DNA complexes and naked DNA 
are often found to be more active than the in vitro 
optimized gene transfer formulations, which in- 
variably are positively charged. The fate of the DNA 
complexes is also highly dependent on the route of 
administration. Intranasal, intraperitoneal, and in- 
tratumoral adnunistration expose the vector to differ- 
ent biological environments, therefore, diffoient vec- 
tor formulations may be needed for optimal gene 
delivery efficiency for differing methods of injectioiL 

Attachment of a targeting ligand and/or com- 
ponents that promote endosome escape has shown to 
greatly improve the gene transfer efficiency of 
nonviral vectors [71-76]. In addition, studies showed 
that folate-conjugated polylysine coupled to inacti- 
vated viral particles mediated efficient receptor-spe- 
cific gene delivery in vitro [75,76]. 

Anionic liposome-entrapped pofyplexes 
(LPDIJ) 

Neutral or anionic liposomes have also been 
evaluated for placid DNA delivery. However, they 
suffer fiom low DNA entrapment efficiency (usually 
less than 20%) diie to the large molecular size and 
heavy negative charge of plasmid DNA. Protocols 
for DNA entrapment into these liposomes are often 
cumbersome and require the use of high lipid 
concentrations for high DNA entrapment, which also 
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leads to the generation of a large number of empty 
vesicles. Although anionic pH-sensitive immuno- 
liposomes have been shown to deliver DNA into 
lymphoma ascites tumors, their practical usefulness 
in gene therapy has yet to be demonstrated 

In the LPDn system, DNA is first complexed to 
polylysine to form a cationic complex and then 
mixed with anionic pH-sensitive liposomes carrying 
a receptor targeting ligand to form liposome-en- 
trapped polyplex particles by a charge-mediated self- 
assembly process [77]. Folic acid has been used as 
the targeting ligand for the receptor-mediated gene 
delivery to tumor cells. 

Folate-targeted pH-sensitive liposomes entrapping 
polyplexes (folate-LPDII) were capable of highly 
efficient and receptor-specific gene transfer. Folate- 
LPDII particles were prepared by mixing anionic 
liposomes composed of dioleoylphosphatidyl- 
ethanolamine (DOPE)/cholesteryl hemisuccinate 
(CHEMS)/folate-PEG-DOPE (60:40:0.1, m/m) and 
the cationic DNA/poylysine (1:0.75, w/w) complex- 
es. Vector self-assembly was mediated by charge 
interactions. The resulting vector particles were 
spherical and had a mean diameter of 70-80 nm as 
determined by negative-stain electron microscopy/ 
The vector particles could be formulated at a variety 
of anionic lipid/DNA polyplex charge ratios. At low 
lipid/polyplex ratios, the overall charge of the vector 
was positive, cellular uptake and transfection were 
mediated by non-specific charge interaction. Mean- 
while, at high lipid/polyplex ratios, the vector was 
negatively charged and required the presence of a 
targeting ligand and transfected oidy cells that 
express the corresponding receptor. The negatively 
charged particles were particularly interesting due to 
their potential for inqmved compatibility with blood 
components and tissue-specific targeted gene deliv- 
ery. 

Folate-targeted LPDII vectors carrying a firefly 
luciferase reporter gene driven by the Rous sarcoma 
viral promoter (pRSVL) have been evaluated for 
their in vitro gene transfer activity in culture KB 
cells. DNA/polylysine polyplexes alone showed 
very little transfection activity. High transfection 
activities were observed with folate-LPDII vectors 
formed at lipid/DNA ratios of 4, 6, 10, and 12 [77]. 
But the transfection activity of only vectors formed 
at high lipid/DNA ratios (10 and 12) could be 



partially blocked by 1 mM free folic acid [77], 
Complete free folate blocking was not expected since 
these vectors, similar in size to large unilanunelar 
liposomes, are likely to interact with FR-bearing 
cells via multivalent binding, resulting in much 
greater cellular affinity. These data suggest that 
tumor cell transfection by folate-LPDII is mediated 
by the FR at lipid/DNA ratios that give anionic 
particles but not at ratios that produce cationic 
particles, due to the presence of overriding charge 
mediated cellular uptake. The transfection activity 
correlates well with the level of '^^I-labeled DNA 
uptake by these same cells [77], The role of the FR 
was further confirmed by duplicating the above 
studies in the receptor-negative CHO cells, where 
transfection was only observed with cationic folate- 
LPDII vectors where uptake is mediated by charge 
interaction [77]. 

The study further showed that the pH-sensitive 
liposomal composition was essential for the observed 
transfection patterrL pH-sensitive liposomes are gen- 
erally con^K>sed of a fusogenic lipid, usually DOPE, 
and a pH-sensitive coiiq>onent that is anionic at 
extracellular pH but becomes charge neutral at the 
acidic endosomal pH, such as CHEMS. DOPE is a 
cone-shaped lipid molecule that favors the transition 
from bilayer to hexagonal II phase thereby facilitat- 
ing membrane fusion and/or disruptiorL This lipid 
phase transition is blocked by the presence of the 
negatively charged CHEMS. Upon protonation at 
endosomal pH, CHEMS becomes uncharged, there- 
fore, can no longer stabilize the bilayer structure and 
allows for DOPE-mediated membrane fusion. Re- 
placing DOPE with the cylindrical lipid DOPC 
con^letely abolishes transfection activity of the 
foIate-LPDn vectors [77]. Also, replacing CHEMS 
with DOPS, a lipid that does not become extensively 
protonated at endosomal pH, eliminates transfection 
activity at high lipid/DNA ratios where negatively 
charged vectors formed [77], 

The structure of folate-targeted LPDII has been 
studied by negative-stain electron microscopy. The 
vector particles appeared spherical and consist of a 
higb electron density core representing the DNA 
polyplex, and a low electron density coat represent- 
ing lipidic components. When dual isotopically 
labeled folate-LPDII particles were fractionated on a 
sucrose gradient, most of the lipid (labeled with ^H) 
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co-migrates with the plasmid DNA (labeled with 
'^^I) as an intennediate density band (DNA poly- 
plexes have high density and liposomes have low 
density). 

Under optimal in vitro conditions, negatively 
charged foIate-LPDII vectors are more efficient in 
transfection than lipoplexes and are specific for 
receptor-positive tumor cells. The plasmid DNA in 
LPDn particles is also more optimally condensed 
compared to cationic liposome lipoplexes resulting in 
the formation of smaller and colloidally more stable 
particles. The negatively charged LPDII particles 
should also be more compatible with the in vivo 
enviroiunent, which is abundant with negatively 
charged components. Compared to anionic liposomes 
containing passively entrapped DNA, LPDII formu- 
lation has the advantage of quantitative DNA in- 
corporation and having high transfection activity 
without the contamination of empty lipid vesicles. 
The main limitation of existing LPDII formulation is 
the high level of serum sensitivity. A possible 
explanation is that the fiisogenic activity of DOPE is 
inhibited by the presence of serum. Further iiiq>rove- 
ments are needed for LPDII formulations to be used 
for in vivo gene transfer. For in vivo applications, a 
potential limitation is clearance by the reticuloen- 
dothelial system (RES); however, this may be par- 
tially overcome by coating vector particles with 
polyetfiyleneglycol (PEG). This strategy has previ- 
ously been applied to produce longcirculating steri- 
cally stabilized liposomes. 

Folate has also been conjugated to poly- 
ethylenimine (PEI, branched polymer, M^--60 kDa) 
via a PEG linker. Polyethyleniminc (PEI), linear or 
branched, is a cationic polymer ideally suited for the 
formation of compact charge con^lexes with plas- 
mid DNA. In addition to its DNA condensing 
properties, this polymer also possess endosomallytic 
activities due to its strong buffering capacity at 
endosomal acidic pH. In this study, folate conjugates 
of polyethyleniminc were synthesized and efvaluated 
for their ability to mediate receptor-specific gene 
transfer in vitro. The transfection efficiency of the 
folate-PEG-PEI/DNA complexes was highly depen- 
dent on the PEI nitrogen to DNA phosphate (N/P) 
ratio, and was partially receptor-dq>endent [78,79]. 
This conjugate is simpler than the LPDII system and 
produces DNA complexes of smaUer sizes, therefore. 



may be potentially useful for in vivo tumor cell- 
specific gene delivery. 

Furthermore, antisense oligodeoxynucleotides 
have been specifically delivered to tumor cells in 
vitro via direct conjugation to folate [81], Folate was 
attached to Ae 3' terminus of an anti-c-fos oligo- 
deoxynucleotide. The cellular uptake in cells, which 
overexpress the PR, was determined to be approxi- 
mately eightfold higher with the folate-conjugated 
oligo compared to the oligo alone. The folate-conju- 
gated oligo also exhibited a much greater tumor 
inhibitory effect 



6. Delivery of protein toxins 

Protein toxin, including plant ribosome inactivat- 
ing proteins and bacterial toxins, have been conju- 
gated to folate and shown to be effectively kill cells 
overexpressing die FR without damaging the sur- 
roimding normal cells [82]. This approach is attrac- 
tive due to the extreme potency of these toxins to 
cause cell death. Usually, delivery of a few himdred 
molecules per cell is sufficient to ensure cellular 
death. This is very important for targeted delivery 
systems where the edacity for targeting is limited by 
the number of receptors on the target cell. 

Momordin, a ribosome-inactivating toxin, was 
conjugated to folate and was utilized in a co-culture 
with malignant and noraoal cell lines in vitro [83,84]. 
The mom(M'din-folate treatment resulted in the selec- 
tive killing of the malignant cells widiout damaging 
the normal cells. The IC^^ for the folate conjugates 
was reduced to 10"' M. In addition, the momordin- 
folate did not significantly affect the rate of prolifer- 
ation of the normal cells at the concentrations tested 
[84]. 

Other folate-conjugates, including folate-tnmcated 
pseudomonas exotoxin and folate-tnmcated 
diphtheria toxin, have also been shown to selectively 
kill malignant cell lines in co-cultures [85]. 
LysPE38*folate (a truncated Pseudomonas exotoxin- 
folate) conjugate killed malignant cells 6 times faster 
and 10 times more potent than the momordin-folate 
conjugate [85]. This is due to the presence of a 
translocation domain, which allows for the efficient 
endosomal escape of the folate conjugates following 
receptor binding and endocytosis. 
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Folate conjugated protein toxins are significantly 
smaller than the corresponding immunotoxins. This 
should lead to more favorable pharmacokinetics and 
reduced inmnmogenicity. 

6, 1. Delivery of immtmotherapy agents 

Immunotherapy via receptor targeting presents yet 
another promising approach for the treatment of 
tumors. A number of strategies are currently being 
explored, including the use of hiunanized anti-FR 
antibody, chimeric anti-FR transfcctcd tumor-infil- 
trating lymphocytes, bispecific antibodies against the 
T-cell receptor, and interleukin-2 fusion protein. 

Monoclonal antibodies directed against tumor-as- 
sociated antigens have been shown to mediate lysis 
of tumor cells by effector immunocytes, such as 
macrophages, natural killer cells or monocytes. 
Humanized chimeric antibodies are often used in- 
stead of murine antibodies due to the variable Fc 
receptor affinity and undesirable human anti-mouse 
antibody (HAMA) response associated with the use 
of murine antibodies. 

Humanized chimeric MOvl8 and MOvl9 mono- 
clonal antibodies were generated and evaluated for 
lytic activity againist FR-positive tumor cells [86], 
An equal amoimt of lysis of the target ovarian cancer 
cell line (IGROVl) resulted when murine M0vl9 
was compared to the chimeric MOvl9. Chimeric 
M0vl8 resulted in higher levels and more consistent 
tumor lysis than murine M0vl8. The chimeric 
analogs were found to bind FR with similar affinity 
and only one chimeric antibody was required per FR 
to achieve effective cell kill [86]. 

A chimeric MOvl8 antibody /T-cell receptor con- 
struct, which consists of T-cell receptor-transmem- 
brane and signaling chains fused to the variable 
domains from the MOvI8 monoclonal antibody* was 
also evaluated for tumor inmiunotherapy [44]. 
C57BL6 mice carrying FR transfected 24JK-FBP 
cells were treated with tumor-infiltration lynapho- 
cytes transfected with the above chimeric construct 
[44]. A significant increase in survival resulted in 
mice treated witfi MOv-TIL (tumor-infiltrating lym- 
phocytes) over those treated with saline, nontran- 
sduced TIL, or TIL transduced with a control anti- 
trinitrophenol chimeric receptor gene. MOv-TIL 



treatment also resulted in fewer lung metastases in 
mice injected intraveneously with tumor cells [44]. 

M0vl8-derived bispecific antibodies have also 
been investigated for potential use in tumor inununo- 
ther^y. Bispecific antibody OC/TR were con- 
structed using MOvl8 (recognizing the FR) and a 
monoclonal antibody against the T cell receptor 
(recognizing CD3). T lymphocytes retargeted using 
F^^b^j^ Segments of the bispecific monoclonal anti- 
body OC/TR have been shown to lyse ovarian 
carcinoma cells [87,88]. In a clinical trial, the 
treatment of in vitro-activated autologous peripheral 
blood T lymphocytes retargeted with OC/TR com- 
bined with IL-2 were evaluated in 19 patients with 
ovarian cancer for potential therapeutic efficacy. 
Con^)lcte response, complete intraperitoneal re- 
sponse, stable disease, and progressive disease was 
shown in 3, 1, 7, and 5 patients, respectively. 
Complete responses lasted from 18 up to 26 months. 
In addition, the HAMA response was evident at die 
end of treatment in 21 of 25 patients; however, 
tumor regression was evident in this study when the 
bi-specific antibody-retargeted T lymphocytes were 
used [88]. 

Folate conjugated anti-T-cell receptor antibody 
fragment has been evaluated as an alternative to 
bispecific antibodies. The folate conjugate is smaller 
in size, easier to prq)are, and is highly potoit in 
mediating the lysis of tumor cells, which express 
either FR isoform [89,90]. The affinity of these 
folate/anti-T-cell receptor conjugates is found to be 
only one-tenth of the affinity of firee folate [90], 

Finally, interleukin 2 (IL-2) has been fused to a 
single-chain Fv of MOvl9. This construct has been 
shown to specifically accumulate in tumors in a 
mouse tumor model and exhibit significant antitumor 
activity [91]. This ^proach provides local delivery 
of IL-2 without causing systemic toxicity. 



7. Summary 

In addition to the above mentioned areas, folate 
has been used in the targeting of chenK)therapeutic 
agents [92] and paramagnetic magnetic resonance 
imaging contrast agents [91] with very promising 
results. 
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Efficacy of targeted drug delivery is greatly affect- 
ed by the size of the drug conjugate or drug carrier. 
Larger constructs are often immunogenic, prone to 
RES uptake, have prolonged systemic circulation 
time, slow to extravasate, and exhibit significant 
passive targeting effects in solid tumors. Therefore, 
in order to achieve high tumor to normal tissue 
ratios, low molecular weight conjugates are greatly 
preferred For the targeted delivery of large particles 
such as liposomes and gene transfer vectors, it is 
often difficult to demonstrate a significant increase in 
overall tumor accumxilation. Targeting nonetheless 
may be beneficial at the cellular and/or subceUular 
level. 

Folate as a targeting ligand offers many potential 
advantages over macromolecules such as monoclonal 
antibodies. These include: (1) small size of the 
targeting ligand, which often leads to favorable 
pharmacokinetic properties of the folate conjugates 
and reduced probability of immunogenicity thus 
allowing for repeated administration; (2) convenient 
availability and low cost; (3) relatively simple and 
defined conjugation chemistry; (4) high receptor 
affinity and lack of normal tissue receptor expres- 
sion, thus high tumor tissue specificity; (5) the 
receptor/ligand complex can be induced to internal- 
ize via endocytosis, which may facilitate the cyto- 
solic delivery of therapeutic agents, and (6) high 
frequency of overexpression among human tumots 
thus a wide range of tumor targets. Therefore, folate- 
based targeting systems show great potential for 
future clinical diagnostic and therapeutic applica- 
tions. 
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It is known that membrane folic acid receptors are responsible for cellular accumulation of folate and folate 
analogs such as methotrexate and overexpreSsed on various tumor cells. However, these receptors are highly 
restricted in normal differentiated tissues. Results of limited in vitro and in vivo animal studies suggest that 
folate receptors could be a potential target for tumor imaging. This study aimed to develop a ^^Tc-labeled 
folic acid using ethylenedicysteine (EC) asa chelator and evaluate its labeling efficiency and potential use 
as a tumor seeking agent Tissue distribution of^^Tc-EC-folate was determined in breast tumor-bearing rats 
at20min, /, 2, and4h (n=3/time interval, 370KBq/rat, i.v.J, Blocking studywas employed to determine receptor- 
mediated process; ^TC'EC-folate was co-administrated with 50 and 150 pmol/kg of cold folic acid to tumor- 
bearing rats. Planar imaging and whole-body autoradiograms were performed. The data was compared to 
that using ^Tc-EC (control). In animal studies, tumor/blood count density ratios at 20 min-4 h increased from 
0.81W.09 to L23W.13 with ^Tc-EC-folate. Conversely, these values showed time-dependent decrease from 
ft 77^.32 to 0.65W,01 with ^Tc-EC in the same time period. Tumor/muscle and tumor/blood count density 
ratios significantly decreased with folic acid co-administrations. Planar images and autoradiograms confirmed 
that the tumors could be visualized clearly with ^Tc-EC-folate. 



Key Words: tumor imaging, folate receptor, ethylenedicysteine, ^Tc 



INTRODUCTION 

ImprovOTient of scintigraphic tumor imaging is 
extaisivefy detomined by development of mofe tumor 
specijBc radiopharmaceuticals. Dut to greater tumor 
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specificity, radiolabeled ligands as well as radio- 
labeled antibodies have opened a new era in scinti- 
gr^hic detection of tumors and undergone extensive 
preclinical development and evaluation^ The radio- 
labeled ligands, such as peaitetreotide and vasoactive 
intestinal peptide, bind to cell receptors some of vAnch 
are overexpressed on tumor cells.^^ Since these 
ligands are not immunogenic and are cleared quickly 
from the plasma, receptor imaging would seem to be 
more promising compared to antibody imaging. 
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Folic acid as well as antifolates such as metho- 
trexate enter into cells via high affinity folate recep- 
tors (glycosylphosphatidylinositol-linked membrane 
folate-binding protein) in addition to classical 
reduced-folate carrier system.^"^ Folate receptors 
(FRs) are overexpressed on many neoplastic cell types 
(e.g. lung, breast, ovarian, cervical, colorectal, naso- 
pharyngeal, renal adenocarcinomas, malign melanoma 
and ependymomas), but primarily expressed only 
several normal differentiated tissues (e.g. choroid 
plexus, placenta, thyroid and kidney).^-^^^^ FRs have 
been used to deliver folate-conjugated protein toxins, 
drug/antisense oligonucleotides and liposomes into 
tumor cells overexpressing the folate receptors. ^'"^ 
Furthermore, bispecific antibodies that contain anti- 
FR antibodies linked to anti-T cell recqjtor antibodies 
have horn used to target T cells to FR-positive tumor 
cells and are currently in clinical trials for ovarian 
carcinomas.^^^' 

Similarly, this propoty has also been inspired to 
develop radiolabeled folate-conjugates, such as ^^Ga- 
deferoxamine-folate and *"hi-DTPA-folate, for 
imaging of folate receptor positive tumors.^^* Results 
of limited in vitro and in vivo studies with these 
agents suggest that folate receptors could be a 
potential target for tumor imaging. 

Due to favorable physical characteristics as well 
as extranely low price, ^Tc have been preferred to 
label radiopharmaceuticals. Although it has been 
repOTted that DTPA-folate conjugate could be labeled 
with ^c effectively,^^ DTPA moiety does not 
chelate with ^Tc as stable as with * ' 'In.' 

Bis-aminoethanethiol tetradentate ligands, also 
called diaminodithiol compounds, are known to form 
very stable Tc(V)0-complexes on the basis of 
efficient binding of the oxotechnetium group to two 
tfaiolsulphur and two amine nitrogen atoms.^^-^ ^^c- 
LJ-y-ethyloiedicysteine (^c-EC) is the most recent 
and successful example of N2S2 chelates.^"*"^ EC, a 
new renal imaging agent, can be labeled with ^Tc 
easily and efficiently with high radiochemical purity 
and stability and is excreted through kidney by active 
tubular transport.^'*^ 

This stu(fy aimed to develop an ^^c-labeled folic 
add using EC as a chelator and evaluate its labeling 
efficiency and potential \ise as a tumor seeking agent. 
Breast tumor-bearing rats were used for tissue 
distribution, gamma scintigraphy and whole-body 
autoradiograms, and results were compared to those 
"^Tc-EC (standard). 



MATERIALS AND METHODS 

The NMR and mass spectral analysis were conducted 
at the University of Texas Health Science Center 
(Houston, TX). Nuclear magnetic resonance (NMR) 
spectra were recorded on a GE GN-500 SpectrometCT. 
The mass data were obtained by fast atom bombard- 
ment on a Kratos MS 50 instrument (England). 
Elemental analysis was performed at Galbraith 
Laboratories, Inc. (Knoxville, TN). N-Hydroxy- 
sulfosuccinimide (Sulfo NHS) and l-ethyl-3-(3- 
dimethylaminoprc^l) carbodiimide-HCl (EDC) vforc 
purchased from Pierce Chemical Co (Radford, IL). 
All other chemicals were purchased from Aldrich 
ChOTiical Co (Milwaukee, WI). ^Tc-pertechnetate 
was obtained from a commercial ^o/^^c g^iorator 
(Ultratechnekow FM™, Mallinckrodt Diagnostica, 
Holland). 

Synthesis of EC 

EC was prepared in a two-step synthesis according 
to the previously described methods."*'"*^ The precur- 
sor, L-thiazolidine-4-carboxylic acid, was synthesized 
(m.p. 195° reported 196-197^. EC was then prepared 
(m.p. 237% reported 25 1 -253"*). The structure was 
confirmed by 'H-NMR and fast-atom bombardment 
mass spectroscopy (FAB-MS). 

Synthesis of Aminoethylamido Analogue of Folate 
(FoIate-NHj) 

FoUc acid dihydrate (1 g, 2.0 mmol) was added in 10 
ml of water; The pH value was adjusted to 2 using 
HCl (2 N). To this stirred sohition, N- 
ethoxycarbonyl-2-ethoxy- 1 ,2-dihydroquinoline 
(EEDQ, I g in 10 ml methanol, 4.0 mmol) and 
ethylenediamine (EDA, 1.3 ml, 18 mmol) were adcfed 
slowly. The reaction mixture was stirred overnight 
at room temperature. The solvent was evaporated in 
vacuo . The product was precipitated in methanol (50 
ml) and further washed with acetone (100 ml) to 
remove the unreacted EEDQ and EDA. The product 
was then fiwze-dried and used without further 
purification. Ninhydrin (2% in methanol) spray 
indicated the positivity of amino group. The product 
weired 0.6 g (yield 60%) as a yellow powder. m.p. 
of product: 250^ (dec). 'H-NMR (D^O) 6 1.97-2.27 
(m, 2H, -CH2 glutamate of folate), 3.05-3.40 (d, 6H, 
-CH2CONH(CH2)2NH2), 4.27-4.84 (m, 3H, -CH^- 
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pteidiityl, NH-CH-COOH glutamate), 6.68-6.70 (d, 
2H, aromatic-CO), 7.60.7.62 (d, 2H. aromatic-N), 
8.44 (s, IH, pteridinyl). FAB MS m/z calcd for 
C2iH25N905(Mr 483, found 483.2 1 . 

Synthesis of Ethylenedicysteine-Folate Conjugate 
(EC-FoIate) 

To dissolve EC, NaOH (2N, 0. 1 ml) was added to a 
stined solution of EC (1 14 mg, 0,425 mmol) in water 
(1.5 ml). To this coloriess solution, sulfo-NHS (92.3 
mg, 0.425 mmol) and EDC (81.5 mg, 0.425 mmol) 
wCTe added. Folate-NHj (205 mg, 0.425 mmol) was 
thenadded The mixture was stirred at room tempera- 
ture for 24 hours. The mixture was dialyzed for 48 
hours using Spectra/POR molecularporous membrane 
with molecule cut-off at 500 (Spectrum Medical 
bdustries Inc., Houston, TX). After dialysis, the 
product was freeze dried. The product weighed 116 
mg (yield 35%). m.p. 195° (dec); 'H-NMR (D^Q) 
6 1.98-2.28 (m, 2H, -CH2 glutamate of folate), 2.60- 
2.95 (m,4H and -CH^-SHof EC), 3.24-3.34 (m, lOH, 
-CH2-CO, ethylenediamine of folate and ethylenedi- 
amine of EC), 4.27-4.77 (m, 5H, -CHj-pteridinyl, 
NH-CH-COOH glutamate of folate and NH-CH- 
COOH of EC), 6.60-6.62 (d, 2H, aromatic-CO), 7.58- 
7.59 (d, 2H. aromatic-N), 8.59 (s, IH, pteriiiinyl). 
Anal, calcd for C29H37N11S2O8 Na2(8H20), FAB MS 
m/z (Uy 777.3 (free of water). C, 37.79; H, 5.75; 
N, 16.72; S, 6.95. Found: m/z (Mf 777.7 (20), 489.4 
(100). C, 37.40; H, 5.42; N, 15.43; S, 7.58. The 
chemical structure of EC-folate is shown in Fig. 1. 
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Flgure.1 Chemical structure of ^c-EC-folate 
CQojugate. 



RadiolabelUng of EC-Folate and EC with 

Radiosynthesis of ^^c-EC-folate was achieved by 
adding required amount of ^Tc-pertechnetate into 
home-made kit containing the lyophilised residue of 



TABLE.1 

Rf Values Determined by Radio-TLC (ITLC-SG) Studies 





System A* 


System Bf 


"^c-EC-folatc 


0 


I(>95%) 




0 


1(>95%) 


Frec'^c 


1 


1 


Reduced '^c 


0 


0 


* Acetone 



t Ammonium Acetate (IM in water):Methanol (4:1) 



EC-folate (3 mg), SnCl2 (100 ng),Na2HP04 (13,5 
mg), ascorbic acid (0.5 mg) and NaEDTA (0.5 mg). 
Final pH of prqjaration was 7.4. ^Tc-EC was also 
obtained by using home-made kit containing the 
lyophilised residue of EC (3 mg), SnClj (100 jig), 
Na2HP04<13.5 mg), ascorbic acid (0.5 mg) and 
NaEDTA (0.5 mg) at pH 10. Final pH of preparation 
was then adjusted to 7.4, Radiochemical purity was 
detemiined by TLC (FTLC SG, Gelman Sciences, Ann 
Arbor, MI) eluted with, respectively, acetone (system 
A) and ammonium acetate (IM in water) :methanol 
(4: 1) (system B). From radio-TLC (Bioscan, Wash- 
ington, DC) analysis, the radiochemical purity was 
>95% for both radiopharmaceuticals. Radio-TLC data 
were summarized in Table. 1 . 

Stability Assay of^c-EC-FoIate 

Stability of labeled ^Tc-EC-folate was tested in 
serum samples. Briefly, 740 KBq of 1 mg ^Tc-EC- 
folate was incubated in dog serum (200 nl) at 37 ^'C 
for 4 hours. The serum samples was diluted with 50% 
methanol in water and radio-TLC rq)eated at 20 min, 
1, 2 and 4 hours as described above. 

Tissue Distribution Studies 

The animal experiments were carried out in compli- 
ance with the relevant national laws relating to the 
conduct of animal experimentation. The animal 
protocol was approved by The University of Texas 
M. D. Anderson Institutional Animal Care and Use 
Committee (lACUC). Female Fischer 344 rats 
(150±25 g) (Harlan Spraguee-Dawley, Indianapolis, 
IN) were inoculated subcutaneously with 0. 1 ml of 
mammaiy tumor cells from the 13762 tumor cell line 
suspension (10^ cells/rat, a tumor cell line specific 
to Fischer rats) into the hind legs using 25-gauge 
needles. Studies performed 14 to 17 days after 
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implantation v^iien tumors reached approximately 1 
cm diameter. Animals were anesthetized with keta- 
mine (10-15 mg/rat, intraperitoneally) before each 
procedure. 

In tissue distribution studies, each animal injected 
intravenously with 370-550 KBq of ^Tc-EC-folate 
or ^c-EC (n=3/time point). The injected mass of 
^c-EC-folate was 10 per rat. At 20 min, 1, 2 
and 4 h following administration of the radiopharma- 
ceuticals, the anesthesized animals were sacrificed 
and the tumor and selected tissues were excised, 
weighed and counted for radioactivity by a gamma 
counter (Packard Instruments, Downers Grove, IL). 
The biodistribution of tracer in each sample was 
calculated as percentage of the injected dose per gram 
of tissue wet weight (%ID/g). Counts from a diluted 
sanq)le of the original injectate were used for refer- 
ence. Tumor/nontarget tissue count density ratios were 
calculated from the corresponding %ID/g values. 
Student-t test was used to assess the significance of 
differences between two groups. 

In a sqjarate experiment, blocking studies were 
performed to determine receptor-mediated process. 
In bloddng studies, ^^c-EC-folate was co-adminis- 
trated (i.v.) with 50 and 150 ^mol/kg folic acid to 
tumor bearing rats (n=3/group). Animals were killed 
1 h post-injection and data was collected in the same 
way as previously described. 

Scintigraphic Imaging and Autoradiography 
Studies 

Scintigraphic images, using a gamma camera (Sie- 
mens Medical Systems, Inc, Hoffinan Estates, IL) 




20 min 1 h 2 h 4 h 



Time after injection 



equipped with medixm-energy, parallel-hole collima- 
tor, were obtained 20 min, 1, 2 and 4 h after i.v. 
injection of 18.5 MBq of each radiotracer. 

Whole-body autoradiogram were obtained by a 
quantitative image analyzer (Cyclone Storage Phos- 
phor System, Packard, Meridien, CT). Following i.v. 
injection of 37 MBq of ^c-EC-folate, animal killed 
at 1 h and bodjy was fixed in caiboxymethyl cellulose 
(4%). The frozen bocfy was mounted onto a cryostat 
(LKB 2250 ciyomicrotome) and cut into 100 /^m 
coronal sections. Each section was thawed and 
mounted on a slide. The slide was then placed in 
contact with multipurpose phosphor storage screen 
(MP, 7001480) and exposed for 15 h. The phosphor 
screen was excited by a red laser and resulting blue 
light that is proportional with previously absorbed 
energy was recorded. 

RESULTS 

Chemistry and Stability of "^^c-EC-FoIate 

A simple, fast and high yield aminoethylamido and 
EC analogues of folate were developed The structures 
of these analogues w^e confirmed by NMR and mass 
spectroscopic analysis. Radiosynthesis of EC-folate 
with ^^cwas adiieved with high (>95%) radiochem- 
ical purity. 

^^c-EC-foIate was found to be stable at 20 min, 
1, 2 and 4 hours in dog serum samples. 

Biodistribution Study 

Biodistribution studies showed that tumor/blood count 
density ratios at 20 min-4 h gradually increased for 



F1gure2 TimeHdq)endent variation of 
tumor/ blood ratios (%ID/g wet 
weight) for ^c-EC-folate versus 
'^c-EC (n=3/time pomt). 



430 



^^c-EC-folate, whereas these values decreased for 
^Tc-EC in the same time period (Fig.2) . %ID/g 
iq)take values, tumor/blood and tumor/muscle ratios 
for ^c-EC-folate and ^c-EC were given in Table 
2 and 3, respectively. 



DISCUSSION 

The development of new timior seeking agents is 
clinically desirable for detecting primary and meta- 
static lesions as well as monitoring tumor response 



TABLE.2 

Biodistribution of ^"Tc^EC-folate in Breast Tumor-Bearing 



Rats 



% of in jected °Tc-EC-folatc dose per organ or tissue 
20 niin 1 h 2 h 



4h 



Blood 


0.370±0.049 


0.16510.028 


0.08610.005 


0.05810.002 


Lung 


0.294±0.017 


0.16410.024 


0.09210.002 


0.06310.003 


Liver 


0.274±0.027 


0.18510.037 


0.14810.042 


0.10510.002 


Stomach 


0.130±0.002 


0,55710.389 


0.11810.093 


0.07310.065 


Kidney 


4.32810.896 


4.05210.488 


5.10210.276 


4.67310.399 


Thyroid 


0.311 ±0.030 


0.14910.033 


0.095+0.011 


0.06610.011 


Muscle 


0.058±0.004 


0.025710.005 


0.01610.007 


0.00810.0005 


Intestine 


0.131+0.013 


0.10110.071 


0.03110.006 


0.10810.072 


Urine 


12.637+2.271 


10.47313.083 


8.54312.763 


2.44710.376 


Tumor 


0.298±0.033 


0.14710.026 


0.10610.029 


0.07110.006 


Tumor/Blood 


0-812±0.098 


0.89410.069 


1.22910.325 


1.22710.129 


Tumor/Muscle 


5.15710.690 


5.73910.347 


6.87612.277 


8.51510.307 



Values shown represent the mean±standart deviation of data from 3 animals. 



TABLE.3 



Biodistribution 


of '^"Tc-EC 


in Breast Tumor- 


-Bearing Rats 






9 


h of iniected ^^"Tc-EC dose oer orean or tissue 




20 min 


1 h 


2h 


4h 


Blood 


0.43510.029 


0.27310.039 


0.21110.001 


0.14910.008 


Lung 


0.27210.019 


0.18710.029 


0.14410.002 


0.12010.012 


Liver 


0.50810.062 


0,36710.006 


0.28610.073 


0.23410.016 


Stoniach 


0.13610.060 


0.12710.106 


0.037+0.027 


0.04310.014 


Kidney 


7.91410.896 


8.99110,268 


9.11610.053 


7.83411.018 


Thyroid 


0.21910.036 


0.22910.118 


0.10610.003 


0.08310.005 


Muscle 


0.06010.006 


0.04310.002 


0.02810,009 


0.01910.001 


Intestine 


0.17310.029 


0.78710.106 


0.40110.093 


0.10310.009 


Urine 


9.12410.808 


11.04516.158 


13.19214.505 


8.693i:2.981 


Tumor 


0.34210.163 


0.14910.020 


0.115+0.002 


0.09610.005 


Tumor/Blood 


0.77610.322 


0.54410.004 


0.54610.010 


0.64910.005 


Tumor/Muscle 


5.84113.253 


3.41410.325 


4.42511.397 


5.09310.223 



Values shown represent the mean±standart deviation of data from 3 animals. 



In blocking studies, tumor/muscle and tumor/ 
blood coxmt d^ity ratios were significant^ decreased 
(p<0.01) with folic acid co-administrations (Fig.3). 

Scintigraphic Imaging and Autoradiography 
Studies 

Sdntigraphic images obtaiiKd at different time points 
showed visualization of tumor in ^Tc-EC-folate 
injected groiq). Contrary, there was no apparmt tumor 
uptake in ^Tc-EC injected group (Fig.4). Both 
radiotracer showed evident kidney uptake in all 
images. Autoradiograms performed at 1 h after 
injection of ^Tc-EC-folate clearly demonstrated 
tumor activity (Fig.5). 



to therapy. None of the contemporaiy imaging 
modalities provides complete diagnostic capability 
because the diagnosis of cancer requires pafliologic 
examination."*^ Therefore, in designing new tumor 
agents primary concern should be diffo'entiation of 
bemign pathologies fix)m malign ones in ord^ to help 
clinician for screoiing asyn:q)tomatic patients as well 
as staging and monitoring tha^Ty. In this aspect, both 
radiolabeled ligands to specific receptors on cell 
surfaces and radiolabeled antibodies to specific ceU 
surface q)itopes seem to provide new opportunities 
to oncological nuclear medicine. Immunogenidty and 
relatively poor target/nontarget ratio because of 
prolonged circulation are disadvantages for antibody 
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H Control ■ Folate co-inj 50 p.mol/kg □ Folate co-inj150 fimol/kg 




-+- 



T/M T/B 
Ratio %ID/g wet weight 



Figure.3 Tumor/blood (T/B) and 
tumorymuscle (T/M) ratios (%ID/g wet 
weight) for '^c-EC-folate signifi- 
cantly decreased (* = pO.Ol) with 
differait doses of cold folate co-injec- 
tions (n=3/group). 



imaging. Limited experience with available radio- 
labeled ligands, such as "^In-pentetreotide and 
VIP, indicate that receptor imaging would offer 
solutions to these problems^"^ 

Folic acid, an essential vitamin (Vitamin M), 
serves as carbon donors for purine and thymidine 
synthesis and enters into cells through high-affinity 
FRs (Kd== 1 nM) in addition to classical lov^ capacity 
carrier system^"^ The classical low affmity/low 
cepadty cmia^ system (reduced folate carrier system, 
¥ijf^ 1-100 fiM) is capable to meet metabolic require- 
ments of nonnal cells^^ Although their roles remain 
unclear, higji affinity FRs are oveie?q>ressed on many 
neoplastic cell types.*-^^^^ A nimiber of folic acid 
conjugates that are directly cytotoxic or that deliver 
cytotoxic agents as well as anti-FRs antibodies have 
been suggested to treat the cancers overexpressing 
FRs.*''^^ Likewise, radiolabeled antibodies which 
recognize diflFCTHit q)itq>s of FRs have been xised for 
imaging ovarian cancers."*^ "*^ 

It has been reported that viien folate is covalently 
linked to a macromolecule via its y-carboxylate 
moiety, its afiBnity for the cell surface receptors 
remains essentially unalt^ed.^ Results of limited in 
vitro and in vivo studies with radiolabeled folate 
analogues, such as ^Ga-deferoxamine-folate and 
"'In-DTPA-folate, suggest that folate receptors could 
be a potential target for tumor imaging.^^^ Our 
biodistribution and imaging studies also support this 
hypothesis. 

However, introducing new imaging modalities 
into clinical practice dq)end on, to some extait, other 
factors such as easy availability and cost. Besides, 



oflFered imaging modality will not be helpful unless 
it significantly contributes the managCTient of patients 
and also cost-effective to solve the diagnostic prob- 
lems at hand. Certainly, less expensive and more 
diemically stable receptor imaging agents would be 
most desirable. 

Due to better imaging characteristics and lower 
price attOTipts are made to replace the '^^I, '^'I, ^^Ga 
and *"In labeled compounds with corresponding ^^c 
labeled compounds when possible. Verbruggen et al. 
reported that, EC can be labeled with ^^c voy easily 
and efficiently at room temperature with high radio- 
chemical purity and the preparation remains stable 
for at least 8 hoiu-s.^"* Because of reported labeling 
capacity and rapid renal clearance EC was selected 
to synthesize a new ^Tc-labeled folate conjugate. 
EC-folate was successfully prepared by using rela- 
tively simple and fast chemistry. A labeling kit was 
also developed to make its use in clinical practice 
easm. This kit formulation consists of a 10 ml vial 
containing the lyophyUsate of EC-folate (5 mg), SnClj 
(100 ^g),Na2lff04(13.5 mg), ascorbic acid (0.5 mg) 
and NaEDTA (0.5 mg). Radio-TLC results with 
^^c-EC-folate kit confirms r^rted hi^ radiochem- 
ical purity and stability of ^c-EC. We believe that, 
due to labeling eflfidmcy and relatively small molecu- 
lar size (168 d) EC could be an alternative chelator 
to make new and more stable ^Tc-labeled Ugands. 

In a study with atl^inic inice that w^ inoculated 
with KB cell line (nasopharyngeal epidermal carci- 
noma) and fed with folate-free rodent chow, tu- 
mo^^lood ratio for ^Ga-deferoxamine-folate was 
foimd to be more than 400. Reportedly, this ratio 
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Figure.4 Selected ^mma scintig* 
raphy images (ventral view) of 
rats with a subcutaneous breast 
tunior in the right hind leg 1 (A) 
and 4 (B) br following intrave- 
nous admiiistration of '^c-EC- 
folate and '^Tc-EC. "^Tc-EC- 
folate uptake was evident in the 
tumor (arrows) up to 4 hr. There 
was no ^>parent radiotracer up- 
take in the tumor area in ^c-EC 
iiyected rat Kidney and bladder 
activity were marked with both 
radiotracer. Tumor sizes were 
same (1cm) in both animals. 




Figures Whole-body autoradiogram (cx>ronal section) 
oJbtained 1 hraflCT intravoious injection of ^c-EC-folate 
cleariy daiwnstrated tumor activity. K=Kidney, L=lung, 
Li=Liver, S=Stoinach, T=Tumor, U=Ureter. 



dropped to around 40 in animals receiving regular 
(folate-siq)plaiiQited) rodent chow.^ This high ratio 
could be due to known anti-tumor activity of ^'Ga as 
well as greatly overexpressed FRs on studied tumor 
cells. On the other hand, since serum folate from 
normal dietary sources directly competes with the 
labeled folic acid control of animals' dietary intake 
of folate would be a reasonable intervention to reach 
human senun folate levels before radiotracer studies. 
Mathias di al. rqx)rted that serum folate level in mice 
receiving regular (folate-si^plemented) rodent chow 
is about 700 times more than normal human serum 
folate level.^ 



The othCT studies conducted in same animal and 
tumor model also indicate that DTPA-folate conjugate 
(^^Tc or"^ In labeled) could be used for tumor 
iniaging.^-^'-^ Final results of these studies have not 
been published yet. To use different tumor models 
vAnch express different levels of FRs would be helpfiil 
to investigate the correlation between uptake of 
labeled-ligand and FRs levels. 

In this preliminary study, we used regular (folate- 
supplemented) rodoit diow receiving rats inoculated 
with available rat tumor model. Therefore, it could 
be expected to reach better tumor/nontarget ratios 
with tumor models that are known to be overexpress 
FRs and by controlling the dietary intake of folate. 

High renal uptake seen in imaging studies could 
be due to reabsoiption of folate by the proximal renal 
tubular cells in addition to the high renal excretion 
of EC. Hydration of the animals between injection 
and imaging might decrease the kidney uptake. 
According to our biodistribution and imaging data 
best imaging time seems to be b^eoi 1 and 2 hours. 

AnothCT potential use of folate receptor imaging 
could be prediction of therapeutic effectiveness of 
anti-folates. In an in-vitro study, Chung dt aL repeated 
that increased expression of FRs by human mammary 
carcinoma and Chinese hamster ovary cells resulted 
in an increased fohc acid binding, and increased 
m^hotrexateiq5take and cytotoxicity."*^ It is known 
that folic add and antifolates, such as methotrexate, 
share same transport systems/ "*^'^ Thus, folate 
receptor imaging could possibly be used to predict 
therapeutic effectiveness of anti-folates in cancer 
patients that will be treated with anti-folates. 
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CONCXUSION 

Our results suggest that ^Tc-EC-folate coiJd be a 
good candidate for imaging folate receptor positive 
tumors. Its potential value to predict therapeutic 
effectiveness of antifolates requires further investiga- 
tioa 
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Apoptosis in the Pathogenesis 
and Treatment of Disease 

Craig B. Thompson 

In multicellular organisms, homeostasis is maintained through a balance between cell 
proliferation and cell death. Although much is known about the control of cell proIFferation, 
less is known about the control of ceil death. Physiologic cell death occurs primarily 
through an evolutionarily conserved form of cell suicide temned apoptosis. The decision 
of a cell to undergo apoptosis can be influenced by a wide variety of regulatory stimuli. 
Recent evidence suggests that alterations in cell survival contribute to the pathogenesis 
of a number of human diseases, including cancer, viral infections, autoimmune diseases, 
neurodegenerative disorders, and AIDS (acquired immunodeficiency syndrome). Treat- 
ments designed to specifically alter the apoptotic threshold may have the potential to 
change the natural progression of some of these diseases. 



Xhe survival of multicellular organisms de- 
pends on the function of a diverse set of 
differentiated cell types. Once development 
is complete, the viability of the organism 
depends on the maintenance and renewal 
of these diverse lineages. Within verte- 
brates, different cell types vary widely in the 
mechanisms by which they maintain them- 
selves over the life of the organism. Blood 
cells, for instance, undergo constant renew- 
al from hematopoietic progenitor cells. In 
addition, lymphocytes and cells within the 
reproductive organs undergo cyclical ex- 
pansions and contractions as they partici- 
pate in host defense and reproduction, re- 
spectively. In contrast, neural cells have at 
best a limited capacity for self-renewal, and 
most neurons survive for the life of the 
organism. 

Within each lineage, the control of cell 
number is determined by a balance between 
cell proliferation and cell death (Fig. !)• 
Cell proliferation is a highly regulated pro- 
cess with numerous checks and balances. 
For example, growth factors and proto-on- 
cogenes are positive regulators of cell cycle 
progression (I). In contrast, tumor suppres- 
sor genes act to oppose uncontrolled cell 
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proliferation ( 1 , 2). Tumor suppressors can 
prevent cell cycle progression by inhibiting 
the activity of proto-oncogenes. In the last 
15 years there has been a rapid increase in 
our understanding of the mechanisms that 
control cell proliferation. 

Biologists are now beginning to appreci- 
ate that the regulation of cell death is just as 
complex as the regulation of cell prolifera- 
tion (3). The differentiated cells of multi- 
cellular organisms all appear to share the 
ability to carry out their own death through 
activation of an internally encoded suicide 
program (4). When activated, this suicide 
program initiates a characteristic form of 
cell death called apoptosis (5, 6)i Apoptosis 
can be triggered by a variety of extrinsic and 
intrinsic signals (7) (Fig. 2). This type of 
regulation allows for the elimination of cells 
that have been produced in excess, that 
have developed improperly, or that have 
sustained genetic damage. Although diverse 
signals can induce apoptosis in a wide vari- 
ety of cell types, a number of evolutionarily 
conserved genes regulate a final common 
cell death pathway that is conserved from 
worms to humans (8) (Fig. 3). 

Apoptotic cell death can be distin- 
guished from necrotic cell death {4-6). 
Necrotic cell death is a pathologic form of 
cell death resulting from acute cellular iri- 
jury, which is typified by rapid cell swelling 
and lysis. In contrast, apoptotic cell death is 
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Rate of 
cell profiferation 



Rate of 
cell death 




Fig. 1 . The effect of different rates of cell death on homeostasis. In mature organisms, ceil number is 
controtied as a result of the net effects of cell proliferation and cell death. Here, the rates of cell proliferation 
and cell death are indicated by the size of the arrows. In the absence of compensatory changes in the rate 
of cell proliferation, changes in the rate of cell, death can result in either cell accumulation or cell loss. 



Physiologic inhibitors 

1. Growth factors 

2. Extracellular matrix 

3. CD40 ligand 

4. Neutral amino acids 

5. Zinc 

6. Estrogen 

7. Androgens 



Physiologic activators 



Inhibitors of Apoptosis 

Viral genes 

1. Adenovirus E1B 

2. Baculovirus p35 

3. Baculovirus lAP 

4. Cowpox virus crmA 

5. Epstein-Barr virus BHRFt LMP-1 

6. African swine fever virus LMWS-HL 

7. Herpesvinjs yl 34.5 

Inducers of Apoptosis 



Pharmacological agents 

1 . Calpain inhibitors 

2. Cysteine protease inhibitors 

3. Tumor promoters 

PMA 

Phenobarbital 
a-HexachlorocycIohexane 



Damage-related 
inducers 

1 . Heat shock 

2. Viral infection 

3. Bacterial toxins 

4. Oncogenes 

myc, ret, El A 

5. Tumor suppressors 

p53 

6. Cytolytic T cells 

7. Oxidants 

8. Free radicals 

9. Nutrient deprivation — 
antimetabolites 



TNF family 
Fas ligand 
TNF 

2. Transforming 
growth factor p 

3. Neurotransmitters 
Glutamate 
Dopamine 

AA-methyt-D-aspartate 

4. Growth factor 
withdrawal 

5. Loss of matrix 
attachment 

6. Calcium 

7. Glucocorticoids 

Fig, 2- A partial fist of the agents that have been reported to induce or inhibit apoptosis. 



Therapy-associated 
agents 

1. Chemotherapeutic 
drugs 

Cisplatin, doxorubicin, 
bleomycin, cytosine 
arabinoside, nitrogen 
mustard, metho- 
trexate, vincristine 

2. Gamma radiation 

3. UV radiation 



Toxins 

1. Ethanol 

2. p-amyloid 
peptide 



characterized by controlled autodigestion of 
the cell. Cells appear to initiate their own 
apoptotic death through the activation of 
endogenous proteases. This results in cy- 
toskeletal disruption, cell shrinkage, and 
membrane blabbing. Apoptosis also in- 
volves characteristic changes within the 
nucleus. The nucleus undergoes condensa- 
tion as endonucleases are activated and be- 
gin to degrade nuclear DNA. In many cell 
types, DNA is degraded into DNA frag- 
ments the size of oligonucleosomes, whereas 
in others larger DNA fragments are pro- 
duced. Apoptosis is also characterized by a 
loss of mitochondrial function. This has led 
to speculation that mitochondria may have 
an important function in regulating apop- 
tosis; however, data to support this hypoth- 
esis are currently unavailable. TTie dying 
cell maintains its plasma membrane integ- 
rity. However, alteratioris in the plasma 
membrane of apoptotic cells signal neigh- 
boring phagocytic cells to engulf them ._nd - 
thus to complete the degradation process 
(9). Cells not immediately phagocytosed 
break down into smaller membrane-bound 
fragments called apoptotic bodies. An im- 
portant feature of apoptosis is that it results 
in the elimination of the dying cell without 
induction of an inflammatory response. In^ 
contrast, necrotic cell death is associated 
with an early loss of cell membrane integ- 
rity, resulting in leakage of cytoplasmic con- 
tents and the induction of ans inflammatory 
response. 

In most tissues, cell survival appears to 
depend on the constant supply of survival 
signals provided by neighboring cells and 
the extracellular matrix (JO). Cells from 
most organs will undergo apoptosis if cul- 
tured individually in the absence of exoge- 
nous survival factors. Death in these cases 
appears to occur even in the absence of new 
protein synthesis, which suggests that the 
proteins that mediate apoptosis are consti- 
tutively expressed in many cell types (4). 
One interpretation of these results is that 
most cells are programmed to commit sui- 
cide if survival signals are not received from 
the environment, either constantly or at 
regular intervals (4). Viewed in this way, 
apoptotic cell death can be thought of as a 



Rg, 3. A hypothetical mod- 
el for the regulation of ap- 
optotic cell death. As dia- 
grammed, the major end 
point of . apoptotic cell 
death is the renrx)val of the 
dying cell by phagocytosis. 
One of the difficulties in de- 
temnining the contntxition 
of apoptosis to the patho- 
genesis -of disease is the 
rapidity vvith which the 
pbagei;ytosis ipf^i 'j 
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default pathway. However, some types of 
physiologic cell death involve the induc- 
tion of apoptosis through mechanisms that 
require new protein synthesis. 

Recent evidence suggests that the failure 
of cells to undergo apoptotic cell death 
might be involved in the pathogenesis of a 
variety of human diseases, including cancer, 
autoimmune diseases, and viral infections 
(6). In addition, a wide number of diseases 
characterized by cell loss, such as neurode- 
generative disorders, AIDS (acquired im- 
munodeficiency syndrome), and osteoporo- 
sis, may result from accelerated rates of 
physiologic cell death (Fig. 4)- Specific 
therapies designed to enhance or decrease 
the susceptibility of individual cell types to 
undergo apoptosis could form the basis for 
treatment of a variety of human diseases. 

Disorders Associated with 
Increased Cell Survival 

Diseases characterized by the accumulation 
of cells include cancer, autoimmune diseas- 
es, and certain viral illnesses. Cell accumu- 
lation can result from either increased pro- 
liferation or the failure of cells to undergo 
apoptosis in response to appropriate stimuli 
(Fig. 1). Although much attention has fo- 
cused on the potential role of cell prolifer- 
ation in these disorders, increasing evidence 
suggests that alterations in the control of 
cell survival are important in the pathogen- 
esis of these so-called proliferative disorders. 

Cell death in cancer. Cells from a wide 
variety of human malignancies have a de- 
creased ability to undergo apoptosis in re- 
sponse to at least some physiologic stimuli 
(Ji). This is most apparent in metastatic 
tumors. Most normal cells depend on envi- 
ronment-specific factors to maintain their 
viability (10). This dependence may serve 
to prevent normal cells from surviving in 
nonphysiologic sites. Metastatic tumor cells 
have circumvented this homeostatic mech- 
anism and can survive at sites distinct from 
the tissue in which they arose. To do this, 



tumor cells must develop iome degree of 
independence from the survival factors that 
restrict the distribution /of their nontrans- 
formed counterparts. R;ecent advances are 
beginning to shed sortie light on the molec- 
ular bases for the increased resistance of 
tumor cells to unciergo apoptosis, and sev- 
eral genes that .ore critical in the regulation 
of apoptosis . Via ve been defined. 

The ge'ne BCL2 was first discovered as a 
result of^ts location at the site of a translo- 
cation between chromosomes 14 and 18 and 
is present in most human follicular lympho- 
mas (12). Initially viewed as an oncogene, 
BCL2 was found to have little or no ability 
to promote cell cycle progression or cell pro- 
liferation. Instead, overexpression of BCL2 
specifically prevents cells from initiating ap- 
optosis in response to a number of stimuli 
(J 3). Furthermore, the introduction of genes 
that inhibit BCL2 can induce apoptosis in a 
wide variety of tumor types, which suggests 
that many tumors continually rely on BCL2 
or related gene products to prevent cell 
death (14)- Consistent with this hypothesis, 
BCL2 expression has been associated with a 
poor prognosis in prostatic cancer, colon 
cancer, and neuroblastoma (15). 

Recently, it has been demonstrated that 
BCL2 is only one member of a family of 
genes that can control the apoptotic thresh- 
old of a cell (J 6). The roles of these other 
BCL2 family members in the pathogenesis 
of human malignancies are just beginning 
to be examined. In tumor cell lines, over- 
expression of BCL2 or of the related gene 
BCLx hias been found to confer resistance to 
cell death in response to chemotherapeutic 
agents such as cytosine arabinoside, meth- 
otrexate, vincristine, and cisplatin (17). 
These results are surprising because chemo- 
therapy was previously thought to kill cells 
by inducing irreversible metabolic damage 
that results in target cell necrosis. It now 
appears that the primary mechanism by 
which most chemotherapeutic agents in- 
duce cell death is through creating aberra- 
tions in cellular physiology that result in 



the induction of apoptosis. Consistent with 
this hypothesis, overexpression of BCL2 or 
related genes can result in a multidrug re- 
sistance phenotype in vitro. The role of the 
BCL2 family in the development of multi- 
drug resistance in vivo has not yet been 
evaluated. 

A wide variety of chemotherapeutic 
agents work by initiating DNA damage. 
Cell death in response to DNA damage in 
most instances has been shown to result 
from apoptosis. The p53 gene product is 
required for cells to initiate apoptosis in 
response to genotoxic damage (18). It is 
also fundamental in the pathway that leads 
from the sensing of DNA damage to the 
initiation of apoptosis. The inability of cells 
to undergo apoptosis in response to DNA 
damage may underlie the enhanced resis- 
tance to chemotherapeutic agents and radi- 
ation observed in tumors that are deficient 
in p53 (J9). The failure of cells to die in 
response to DNA damage may also underlie 
the high rate of gene amplification observed 
in p5 3 -deficient cells (20). Cells unable to 
undergo apoptosis in response to DNA 
damage may be more prone to acquire ge- 
netic alterations than normal cells. Errors in 
the repair of DNA damage that might oth- 
erwise induce apoptosis could contribute to 
the high mutation rate observed in many 
human cancers. 

For years investigators have used chem- 
icals referred to as tumor promoters to in- 
duce experimental malignancies. The exact 
role of tumor promoters in the pathogenesis 
of cancer is not clear. Most tumor promot- 
ers cannot induce cell proliferation on their 
own. Recently, it has been shown that tu- 
mor promoters such as phorbol myristate 
acetate (PMA) and a-hexachlorocyclohex- 
ane can act as specific survival factors for 
the cells in which they promote tumor de- 
velopment (21). These data suggest that 
inhibition of apoptosis is more important in 
the development of malignancy than previ- 
ously believed. 

A critical question in cancer biology is 
why two or more cooperative transforming 
events are usually required to induce a frill 
neoplastic lesion. One potential explanation 
is that oncogene trarisformation leads to a 
dysregulation of genes that control cell divi- 
sion, such as cyclins and cyclin-dependent 
kinases (22). Cells normally appear to be 
able to detect such an imbalance and re- 
spond by undergoing apoptosis. Apoptosis 
may represent a mechanism for protecting 
the organism from cells that have acquired 
genetic alterations that predispose them to 
cell proliferation. For example, in the ab- 
sence of other transforming events, dysregu- 
lation of the myc oncogene leads td^-the 
induction of apoptosis in serum-starved fi- 
broblasts (23). Howevery simultaneous over- 
expression of SGL2 prevents this rapoptotic 
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response. Cooperation between myc and 
BCL2 in the pathogenesis of experimental 
tumors has also been demonstrated (24). 

Cell death and autoimmunity. Physiolog- 
ic regulation of cell death is essential for 
. the removal of potentially autoreactive 
lymphocytes during development and for 
the removal of excess cells after the com- 
pletion of an immune response. Failure to 
remove autoimmune cells that arise during 
development or that develop as a result of 
somatic mutation during an immune re- 
sponse can result in autoimmune disease. 
Recent work in animal model systems has 
clearly demonstrated the importance of 
dysregulated apoptosis in the etiology of 
autoimmune diseases. For example, one 
molecule critical in regulating cell death 
in lymphocytes is the cell surface receptor 
Fas, a member of the tumor necrosis factor 
( TNF) receptor family (25)'. Stimulation 
of Fas on activated lymphocytes can in- 
duce apoptosis. Two forms of hereditary 
autoimmune disease have been attributed 
to alterations in Fas-mediated apoptosis 
(25, 26). MRL-lpr mice, which develop 
fatal systemic lupus erythematosus by 6 
months of age, have a mutation in the Fas 
receptor. In contrast, the GLD mouse, 
which develops a similar illness, has a 
mutation in the Fas ligand (26). In hu- 
mans, a secreted form of Fas has been 
identified (27). Patients with systemic lu- 
pus erythematosus have elevated levels of 
soluble Fas, which may competitively in- 
hibit Fas ligand-Fas interactions. The re- 
sulting decrease, in Fas-mediated apoptosis 
may contribute to the accumulation of 
autoimmune cells in this disorder. A lu- 
puslike autoimmune disease has also been 
reported in transgenic mice constitutively 
overexpressing BCL2 in their B cells (28). 
Finally, linkage analysis has established an 
association between the BCL2 locus and 
autoimmune diabetes in nonobese diabetic 
(NOD) mice (29). 

To date, no autoimmune diseases in hu- 
mans have been directly linked to genes 
involved in the control of apoptosis. How- 
ever, investigations into the role of apopto- 
sis in the development of autoimmune dis- 
eases such as systemic lupus erythematosus, 
rheumatoid arthritis, psoriasis, inflammato- 
ry bowel disease, and autoimmune diabetes 
mellitus are just beginning. Alterations in 
the susceptibility of lymphocytes to die by 
apoptosis in vitro have been reported in 
several of these diseases (30). 

CeR death in viral infecdon. The disrup- 
tion of cell physiology as a result of viral 
infection can cause an infected cell to un- 
dergo apoptosis (31). The suicide of an 
infected cell may be viewed as a cellular 
defense .mechanism to prevent viral propa- 
gation.^ GytotoxicrT cells also act to prevent 
viral spread (32) by recognizing and killing 



cells that present viral peptides in associa- 
tion with cell surface major histocompati- 
bility complex (MHC) class I molecules. 
Recent evidence has demonstrated that T 
cells can induce cell death by activating the 
target cell's endogenous cell death program. 
Cytotoxic T cells induce apoptosis either by 
activation of the Fas receptor on the surface 
of the target cell or by introduction of pro- 
teases, such as granzyme B, which activate 
the cell death program from within the 
cytoplasm (33). 

To circumvent these host defenses, a 
number of viruses have developed mecha- 
nisms to disrupt the normal regulation of 
apoptosis within the infected cell. For ex- 
ample, establishment of an effective adeno- 
viral infection depends on the function of 
the ElB 19-kD protein (34). The ElB 19- 
kD protein has been shown to block apop- 
tosis directly, and its function can be re- 
placed in adenovirus by BCL2. Primary se- 
quence and mutational analyses suggest 
that there may also be structural similarity 
between these two genes (35). The BHRFl 
gene of Epstein-Barr virus and the jLMW5- 
HL gene of African swine fever virus both 
have sequence and functional similarity to 
BCL2 (36). 

Other viral genes that can inhibit apop- 
tosis have been reported that show no sim- 
ilarity to BCL2. For example, both the p35 
gene and the inhibitor of apoptosis gene 
(ZAP) found iri baculoviruses can inhibit 
apoptosis in response to a wide variety of 
stimuli (37). The ability of p35 to inhibit 
apoptosis is not dependent on the expres- 
sion of any other viral proteins. Poxviruses 
appear to inhibit apoptosis by producing an 
inhibitor of the death effector molecule in- 
terleukin-lp (IL- 1(3)- converting enzyme 
(ICE). ICE is a cysteine protease closely 
related to the protein encoded by the Cae- 
norhabdids elegans cell death gene, ced-3. 
The ced-3 product is required for cells to 
undergo programmed cell death during de- 
velopment in C. elegans (38). The cowpox 
gene crmA is a member of the serpin family 
of protease inhibitors and acts as a specific 
inhibitor of ICE (39). The crmA gene can 
inhibit apoptosis in response to a number of 
stimuli and has also been shown to be re- 
quired to inhibit the development of an 
inflammatory response to vitally infected 
cells (39, 40). 

The prevention of apoptosis is also im- 
portant for the establishment of viral laten- 
cy. Epstein-Barr virus establishes a latent 
infection in B cells. Hie viral gene LMP-1, 
which is produced during latency, specifi- 
cally up-regulates the expression of BCL2, 
potentially providing a survival advantage 
to latently infected cells (41). Chronic 
Siridbis virus infection has also been report- 
ed to be dependent on the host celPs ex- 
pression of BCL2 (3 1 ). 



Disorders Associated with Excess 
Cell Death 

Excessive cell death can result from ac- 
quired or genetic conditions that enhance 
the accumulation of signals that induce 
apoptosis or that decrease the threshold at 
which such events induce apoptosis. Al- 
though increased apoptotic cell death has 
been obser\'ed in many of the diseases dis- 
cussed below, in most degenerative disor- 
ders an underlying defect in cell death con- 
trol has not been defined. 

Virus-induced lymphocyte depletion: AIDS. 
Perhaps the most dramatic example of vi- 
rus-associated cell depletion is AIDS, which 
is induced by the human immunodeficiency 
virus (HIV ) (42). The development of 
AIDS has been directly correlated with the 
depletion of CD4"^ T cells, the cellular 
targets of viral infection. It has been shown 
that CD4 acts as a receptor for viral attach- 
ment, thus facilitating HIV infection of 
CD4'*' T cells. Surprisingly, most T cells 
that die during HIV infections do not ap- 
pear to be infected with HIV. Although a 
number of explanations have been pro- 
posed, recent evidence suggests that stimu- 
lation of the CD4 receptor, by its binding to 
the soluble viral product gpl20, results in 
the enhanced susceptibility of unirifected T 
cells to undergo apoptosis (43). In several 
models of cell death, it has been suggested 
that disordered signal transduction can re- 
sult in the induction of apoptosis, perhaps 
by inducing an abortive cell cycle. CD^^ T 
cells are normally activated by simultaneous 
engagement of the T cell receptor and CD4 
by antigen-MHC class II complexes on the 
surface of an antigen-presenting cell. Both 
CD4"^ T cells from normal individuals bs 
well as from individuals with HIV undergo 
apoptosis in vitro if cell-surface CD4 is 
crosslinked before engagement of T cell 
receptors (44). Thus, it is possible that 
gpl20 promotes apoptotic cell death by its 
interaction with CD4- 

One important question concerning this 
model is why the virus would develop a 
mechanism to selectively deplete its host 
cell. The ajiswer perhaps reflects the fact 
that 004*^ T cells have an important func- 
tion in establishing protective immunity 
against a wide variety of viral infections. 
The establishment of a chronic HIV infec- 
tion may therefore depend on virally medi- 
ated depletion of CD4^ T cells and the 
concornitant loss of a protective cell-medi- 
ated immune response. Viral replication it- 
self may not be limited by this form of 
CD4-dependent cell death because the viral 
protein Nef specifically down-regulates the 
CD4 receptor on infected T cells (45). This 
down-regulation has been = thought . to be 
involved, in preventiiig Viral reinfections/ 
Howevetj it maty also help to prevent apop- 
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tosis in response to dysregulated CD4 stim- 
ulation. Immunodepletion as a result of vi- 
ral infection is not restricted to HIV. Virus- 
es in birds, cats, and mice have all been 
reported to induce immune cell depletion 
during systemic infection (46). 

Cell death in neuwdegenerative disorders. 
A wide variety of neurological diseases are 
characterized by the gradual loss" of specific 
sets of neurons (47). Such disorders include 
Ahheimer^s disease, Parkinson^s disease, 
amyotrophic lateral sclerosis (ALS), retini- 
tis pigmentosa, spinal muscular atrophy, 
and various forms of cerebellar degenera- 
tion. In these diseases, cell death results in 
specific disorders of movement and central 
nervous system function. The cell loss in 
these diseases does not induce an inflamma- 
tory response, and apoptosis appears to be 
the mechanism of cell death. Oxidative 
stress, calcium toxicity, mitochondrial de- 
fects, excitatory toxicity, and deficiency of 
survival factors have all been postulated to 
contribute to the pathogenesis of these dis- 
orders (48)- Each of these pathways predis- 
poses neurons to apoptosis, either in vitro or 
in vivo. Overexpression of BCL2 decreases 
the neurotoxicity of each of these potential 
inducers of cell death (49). Neurotrophic 
growth factors and the extracellular matrix 
also alter the apoptotic threshold of neural 
cells (50). Together, these data suggest a 
model in which the threshold for cell death 
is dynamically regulated. The apoptotic 
threshold of a cell is thus determined by the 
combined effects of external and internal 
survival factors. 

One form of hereditary ALS results from 
mutations in the gene encoding copper-zinc 
superoxide dismutase (5i). Patients with 
this form of ALS have a mutation that 
results in a decrease in the ability of a cell to 
detoxify free radicals. The cell injury caused 
by free radicals has been shown to induce 
cells to undergo apoptosis in vitro. Super- 
oxide-induced death can be specifically in- 
hibited by treatment with survival growth 
factors or antioxidants (52). 

Retinal degeneration associated with ret- 
initis pigmentosa occurs as a result of muta- 
tions in any one of three photpreceptor- 
specific genes: rhodopsin^ the p subunit of 
cyclic guanosine monophosphate phospho- 
diesterase, and the peripherin gene. All three 
mutations lead to photoreceptor apoptosis 
(53). Apoptosis may be initiated in response 
to the accumulation of mutant proteins or as 
a result of the altered functional properties of 
the mutant proteins (54). In a hereditary rat 
model of light-induced retinal degeneration, 
intraocular injections of eigjit distinct neu- 
rotrophic and growth fectors enhanced pho- 
toreceptor survival, whereas seven others 
displayed no beneficial effects = (55 ). ■ These 
data suggest that treatment of such disorders 
rhay be possible with specific lieurotrophic 
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factors either alone or in combination. 

Alzheimer's disease is associated with 
the progressive accumulation of p-amyloid 
peptide in plaques. Mutations in the p-amy- 
loid precursor protein are associated with 
some forms of familial Alzheimer's disease. 
Recently, several groups have shown that 
P -amyloid peptide induces neurons to un- 
dergo apoptosis (56). This effect can be 
reversed by antioxidants (57). 

The spinal muscular atrophies are a 
group of recessive neurodegenerative disor- 
ders of childhood. These disorders are char- 
acterized by progressive spinal cord motor 
neuron depletion. One of the genes recently 
linked to these disorders, neuronal apopto- 
sis inhibitory protein (NA/P), is homolo- 
gous to the baculovirus inhibitor of apopto- 
sis protein (lAP) (58). Baculovims lAP 
genes have been shown to inhibit apoptosis 
in insect cells independent of other viral 
proteins. These data suggest that mutations 
in the NAJP gene may result in motor 
neurons being more susceptible to apoptosis 
in patients with spinal muscular atrophy. 

CeR death in bbod cell disorders. Mature 
blood cells are constantly being produced 
from hematopoietic stem cells located in 
the bone marrow. The regulation of hema- 
topoiesis is influenced by a number of 
growth factors, including stem cell factor, 
erythropoietin, colony-stimulating factors, 
and thrombopoietin (59). In addition to 
stimulating the proliferation of hematopoi- 
etic progenitors, hematopoietic growth fac- 
tors are required to support the survival of 
their target cells (60). Hematopoietic pro- 
genitors rapidly undergo apoptosis in vitro if 
deprived of growth factors. In fact, hemato- 
poietic growth factors are also important in 
regulating the survival of postmitotic blood 
cells such as neutrophils. 

It has been suggested that hematopoietic 
differentiation is primarily determined in- 
trinsically within the precursor cell rather 
than as a result of the inductive effects of 
hematopoietic growth factors (61). Consis- 
tent with this view, hematopoietic stem 
cells in which apoptosis is suppressed by 
overproduction of BCL2 can differentiate 
in the absence of extracellular growth fac- 
tors or cell division. Together, these data 
suggest that hematopoietic growth factors 
control blood cell production at least in 
part by inhibiting apoptosis during the ex- 
pansion and differentiation of intrinsically 
committed progenitors. 

A number of hematologic diseases are 
associated with a decreased production of 
blood cells. Such disorders include anemia 
associated with chronic disease, aplastic 
anemia, chronic neutropenia, and the my- 
elodysplastic syndromes. Disorders of blood 
cell production, such as myelodysplastic syn- 
drome and some forms of i aplastic aneiniaj 
are associate with increase slpoptotic cell 
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death within the bone marrow (62). These 
disorders could result from the activation of 
genes that promote apoptosis, acquired de- 
ficiencies in stromal cells or hematopoietic 
survival factors, or the direct effects of tox- 
ins and mediators of immune responses- 
Several hematopoietic growth factors 
are now in widespread clinical use because 
of their ability to increase the net produc- 
tion of individual types of blood cells (59). 
For example, erythropoietin can be used to 
augment red blood cell production in pa- 
tients with anemia secondary to renal fail- 
ure and other chronic illnesses. Granulo- 
cyte-macrophage colony-stimulating factor 
(GM-CSF), macrophage CSF, and granulo- 
cyte CSF have all been used to promote the 
recovery of granulocytes and macrophages 
after systemic chemotherapy for cancer. 

Additional Disorders in Which 
Apoptosis May Function 

Two common disorders associated with cell 
death are myocardial infarctions and stroke. 
These diseases arise primarily as a result of 
an acute loss of blood flow (ischemia). In 
both disorders, cells within the central area 
of ischemia appear to die rapidly as a result 
of necrosis. However, outside the central 
ischemic zone, cells die over a more pro- 
tracted time period and morphologically ap- 
pear to die by apoptosis (63). Ischemia of 
both neurons and cardiac myocytes in cul- 
ture results in the induction of apoptosis 
(64). Agents known to be inhibitors of 
apoptosis in vitro have been shown to limit 
infarct size in these disorders (65). Howev- 
er, the most effective method of limiting 
infarct size is restoration of blood flow. Ad- 
vances in medicine have allowed for the 
development of a number of techniques to 
restore blood flow rapidly in acutely occlud- 
ed blood vessels. Unfortunately, further tis- 
sue injury frequently occurs during estab- 
lishment of reperfusion. Reperfusion is as- 
sociated with acute increases in free radical 
production and increases in intracellular 
calcium, both potent inducers of apoptosis. 
The death of cardiomyocytes that occurs 
during reperfusion bears all the hallmarks of 
apoptosis (66). Whether agents that alter 
the apoptotic threshold can prevent reper- 
fusion injury remains to be determined. 

Relatively little is known about the 
mechanisms underlying the two major de- 
generative disorders of the musculoskele- 
tal system: osteoporosis and degenerative 
arthritis. To date, no evidence exists that 
the genes involved in the control of apop- 
tosis are involved in the pathogenesis of 
these disorders. Nevertheless, the progres- 
sive cell death of chondrocytes in osteo- 
arthritis and osteocyte cell death in osteo- 
porosis have morphological features sug- 
gestive of apoptosis (67). 



Liver cells also undergo programmed cell 
death. In fact, the term apoptosis was origi- 
nally used to describe the cell death that 
occurred outside the zone of central necrosis 
resulting from ligation of the portal vein (5). 
Since that time, various toxins (including 
alcohol) that are associated with acute fatty 
degeneration of the liver have been shown 
to induce apoptosis in hepatocytes (68). 

Regulation of Cell Death: 
Therapeutic Potential 

A number of effective methods that induce 
target cells to undergo apoptosis already ex- 
ist. Both chemotherapeutic agents and radi- 
ation induce tumor cell death primarily by 
causing damage that induces the cell to com- 
mit suicide (J 7, 69). In addition, many tu- 
mors retain some of the same physiologic 
controls for cell death as the ceils from 
which they arise. For example, tumors aris- 
ing in reproductive organs are responsive to 
hormonal manipulation that results in apop- 
tosis (6, 70). Prostate cancers can be treated 
with androgen-ablation therapy. Moreover, 
breast cancers often undergo regression when 
treated with estrogen receptor antagonists. 
Treatments that restore the ability to prop- 
erly regulate apoptosis could also be of con- 
siderable benefit in some malignancies. For 
example, it has recently been shown that the 
growth of human B cell lymphomas bearing 
BCL2 translocations can be specifically in- 
hibited in vitro by antisense oligonucleotides 
targeted against the BCL2 gene (71). 

Autoimmune diseases are characterized 
by the proliferative expansion of lympho- 
cytes reactive to self-antigens. Several 
groups have been exploring methods to in- 
duce selective apoptosis in the autoreactive 
cells that cause disease. Recently, it has 
been shown that repetitive treatment with 
antigen can result in the selective death of 
antigen-reactive lymphocytes in vivo. Al- 
though the exact mechanisms by which 
such treatments induce apoptosis are un- 
clear, the treatments may prime* cells for 
Fas-mediated death (72). Specific deletion 
of lymphocytes by repetitive treatment with 
a disease-associated autoantigen has been 
shown to be effective in the treatment of 
experimental autoimmune encephalitis in 
mice (73). Similar treatment strategies may 
prove effective in human autoimmune dis- 
eiase if the specific antigens involved in the 
autoimmune reaction can be identified. 

Conversely, treatments that increase a 
cell's resistance to undergo apoptosis may 
be of benefit in degenerative disorders. 
These treatments may be of benefit even in 
the absence of specific alterations in the 
genes involved in cell death regulation. 
Cunent evidence suggests that the suscep- 
tibility of cells "to~undergo apMDptpsis is reg- 
ulated continuously. For example/ "(Enhanc- 




ing the expression of BCL2 can increase the 
resistance of cells to almost all apoptotic 
stimuli {13, 17). Thus, treatments that can 
increase the apoptotic thresholds of specific 
cells may be beneficial in the treatment of 
disorders associated with cell loss. Such 
treatments include the use of growth factors 
to promote hematopoietic cell recovery af- 
ter cancer chemotherapy (56), trials of neu- 
rotrophic survival factors to enhance the 
survival of neurons in neurodegenerative 
disorders or trauma (50, 55), and treat- 
ments with antioxidants such as n-acetyl 
cysteine to prevent the death of CD4"*" T 
cells in response to HIV infection (74). 
Agents that alter calcium metabolism are 
currently being tested for the treatment of 
ischemic injuries (75). 

It may also be possible to alter the apop- 
totic threshold by inhibiting the action of 
cell surface death effectors. For example, 
treatment with soluble Fas receptor or TNF 
antibodies may limit cell death in vivo by 
preventing deaths induced by Fas ligand 
and TNF, respectively (27, 76). Although 
the use of cell surface receptors and second 
messenger systems to regulate cell death 
responses in vivo has much appeal, it should 
be reemphasized that these agents can have 
pleiotropic effects. Under some circum- 
stances Fas activation has been reported to 
stimulate lymphocyte proliferation instead 
of cell death (77). lL-12 treatment in vivo 
has recently been shown to protect bone 
marrow cells from gamma irradiation; how- 
ever, it also potentiates cell death within 
the gastrointestinal tract in response to the 
same stimulus (78). 

In principle, the genes involved in cen- 
tral cell death control, such as members of 
the BCL2 and ICE families, could provide 
ideal targets for therapeutic intervention. 
However, most diseases are not character- 
ized by a generalized increase in the suscep- 
tibility or resistance to apoptosis. There may 
be relatively little benefit in a therapy that 
enhances the survival of all neural cells at 
the expense of an increase in autoimmune 
disease or the enhancement of tumor pro- 
gression through the prevention of apop- 
totic cell death. 

Several observations suggest that the 
ceritral mediators of apoptosis may still be 
pharmacologically manipulated in a cell- 
specific fashion. Individual tissues in the 
body can vary significantly in the expres- 
sion of individual members of the BCL2 
and ICE gene families (79). Furthermore, 
specific inhibitors of individual members of 
the ICE family exist. The gene crmA inhib- 
its ICE but not the related Ich-1 cysteine 
protease (80). This suggests that cysteine 
protease inhibitors may be developed that 
Bic specific for individual members of the 
• IGE':^family. There is also evidence that 
alteiTUiv;^ ^ spliced forms of members of 
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both the BCL2 family and cysteine protease 
family of death effectors can act as domi- 
nant inhibitors, perhaps by forming multi- 
mers that inhibit the function of active 
family members (80, 81). Pharmacologic 
agents that mimic the inhibitors or prevent 
specific protein-protein interactions within 
the BCL2 or ICE families may have relative 
specificity for individual family members or 
heteromers formed from them. Finally, 
there is evidence that both the expression 
and function of individual members of the 
BCL2 and ICE families are themselves reg- 
ulated by lineage-specific signal transduc- 
tion events. BCL2 has been shown to un- 
dergo specific modulation in response to 
cytokines, cell-cell contact, or cell contact 
with the extracellular matrix (82). In addi- 
tion, certain growth factors may function by 
inducing posttranslational modification of 
BCL2 (83). Recent data analyzing mice 
deficient in BCL2 expression suggest that 
the function of BCL2 is absolutely neces- 
sary only in a limited number of normal cell 
types or, alternatively, that there is signifi- 
cant redundancy within the BCL2 family 
such that specific loss of BCL2 is relatively 
well tolerated outside of the immune and 
renal systems (84). Therefore, systemic in- 
hibition of BCL2 may not be as toxic as 
might have been expected initially. 

One future application of our knowledge 
concerning cell death may be in designing 
safer, more effective vectors for gene ther- 
apy or vaccination. That many DNA virus- 
es require survival genes to establish persis- 
tent viral infection may allow for the gen- 
eration of vaccines consisting of attenuated 
viruses that do not have the ability to es- 
tablish latent infections. Similarly, engi- 
neering gene therapy vectors to incorporate 
specifically regulated cell survival genes 
may help facilitate the establishment and 
removal of genetically altered cells in vivo. 
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ABSTRACT One of the earliest events in programmed cell 
death is the extemalization of phosphatidylserine, a mem- 
brane phospholipid normally restricted to the inner leaflet of 
the lipid bilayer. Annexin V, an endogenous human protein 
with a high affinity for membrane bound phosphatidylserine, 
can be used in vitro to detect apoptosis before other well 
described morphologic or nuclear changes associated with 
programmed cell death. We tested the ability of exogenously 
administered radiolabeled annexin V to concentrate at sites of 
apoptotic cell death in vivo. After derivatization with hydrazi- 
nonicotinamide, annexin V was radiolabeled with technetium 
99m. In vivo localization of technetium 99m hydrazinonicoti- 
namide-annexin V was tested in three models: fiiminant 
hepatic apoptosis induced by anti-Fas antibody injection in 
BALB/c mice; acute rejection in ACI rats with transplanted 
heterotopic PVG cardiac allografts; and cyclophosphamide 
treatment of transplanted 38C13 murine B cell lymphomas. 
External radionuclide imaging showed a two- to sixfold in- 
crease in the uptake of radiolabeled annexin V at sites of 
apoptosis in all three models. Immunohistochemical staining 
of cardiac allografts for exogenously administered annexin V 
revealed intense staining of numerous myocytes at the pe- 
riphery of mononuclear infiltrates of which only a few dem- 
onstrated positive apoptotic nuclei by the terminal de- 
oxynucleotidyltransferase-mediated UTP end labeling 
method. These results suggest that radiolabeled annexin V can 
be used in vivo as a noninvasive means to detect and serially 
image tissues and organs undergoing programmed cell death. 



Programmed ceil death (apoptosis) plays a crucial role m the 
pathogenesis of a number of disorders including AIDS and 
other viral illnesses, cerebral and myocardial ischemia, auto- 
immune and neurodegenerative diseases, organ and bone 
marrow transplant rejection, and tumor response to chemo- 
therapy and radiation (1-3). Since the original description of 
apoptosis by Wyllie in 1972, its assessment in vivo has required 
direct examination of biopsied or aspirated material (4). An 
imaging technique capable of localizing and quantifying apo- 
ptosis in vivo would permit assessment of disease progression 
or regression and similarly define the efficacy of therapy 
designed to inhibit or induce cell death (5-6). 

Ceils undergoing apoptosis redistribute phosphatidylserine 
(PS) from the inner leaflet of the plasma membrane lipid 
bilayer to the outer leaflet (7, 8). The extemalization of PS is 
a general feature of apoptosis occurring before membrane bleb 
formation and DNA degradation (7, 8). Annexin V, a human 
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protein with a molecular weight of 36,000 has a high affinity 
for cell or platelet membranes with exposed PS in vitro and m 
vivo (9-13). This observation has led to testing radiolabeled 
annexin V in animal models of acute thrombosis and imaging 
of atrial thrombi in patients with atrial fibrillation (14, 15). In 
the current study, annexin V was derivatized with hydrazi- 
nonicotinamide (HYNIC) and coupled to technetium 99m 
(99inxc) (16) before i.v. administration in animal models of 
apoptosis. HYNIC, an nicotinic acid analog, is a bifunctional 
molecule capable of bonding to lysine residues of proteins on 
one moiety and conjugates of ^Tc on the other. The agent 
forms stable complexes with proteins (16) without affecting 
bioactivity. We performed scintigraphic imaging studies with 
derivatized annexin V to determine its ability in vivo to detect 
sites of apoptotic ceU death occurring in Fas-mediated hepa- 
tocyte apoptosis, acute cardiac allograft rejection, and cyclo- 
phosphamide treatment of B cell lymphoma. Such m vivo 
imaging may prove useful in the clinical setting for noninvasive 
diagnosis, monitoring of disease progression or regression, and 
determining efficacy of treatment. 

MATERIALS AND METHODS 
Preparation of *^Tc HYNIC-AnnexIn V. Human annexin V 
was produced by expression in Escherichia coli as described 
(13 17 18); this material retains PS-binding activity equivalent 
to that of native annexin V (18). Concentrations were deter- 
mined using E28O = 0.6 ml/mg"^ cm"^ and molecular weight 
was taken as 35, 806. HYNIC-derh^atized anuexm V jas 
produced by the gentle mking of 5.6 mg/ml of a^nexm V in 
20mMHepes,pH7.4,andl00mMNaClfor3hrshieldedfrom 

light with sucdnimidyl 6-HYNIC (Anor Med, Langley, Bntish 
Columbia) [222 ;tg in 183 yX (42 mM sohition) of WV- 
dimethyl formamide] at room temperature. The reaction was 
quenched with 500 ptl of 500 mM glycine in PBS, pH 7,4, and 
then dialyzed at 4°C against 20 mM sodium citrate, pH ana 
100 mM NaQ overnight Precipitate was then removed by 
centrifiigation at 15,QpO X g for 10 min. Then, 100 (100 ^^^^ 
aliquots of HYNIC-annexin V were stored at -70°C. Incor- 
poration of HYNIC into annexin V was found to be 0.9 
mol/mol of annexin V by using the methods of King etal (19). 
Membrane-binding activity of HYNIC-annexin V and de^yed 
^Tc HYNIC-annexin V was determined by a modilied 
competition assay in which 5 nmol/liter f luor^ein isothio- 
cvanate (FITC)-annexin V was substituted for i^si-annexm V 
(12, 17). After incubation for 15 min at room temperature, cells 

Abbreviations: TUNEL, terminal dea^"^^^^ 
mediated UTP endlabeling;PS,phosph^U(tyb^^ 
nnnirotinamide- **^c, technetium 99m; FTTC, fluor^cem isouiio- 
^ai^^ human ™ albumin; ROI. region of mter^t 
•^whom reprint requests should be addressed, e-mail: MA.FRB@ 
Forsythe.Stan«Drd.Edu. 
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were centriftiged, the FITC-annexin V bound to the pelleted 
cells was released with EDTA, and the released FITC-annexin 
V was measured by f luorometry. In this assay system, unmod- 
ified annexin V, HYNIC-annexin V, and decayed ^Tc 
HYNIC-annexin V inhibited 50% of the binding of FITC- 
annexin V at concentrations of 8 nmol/liter, 10.5 nmol/liter, 
and 12.3 nmol/liter, respectively. 

To bind '^Tc to the HYNIC-annexin conjugate 80 ;xl of 
stannous chloride (50 mg/ml in 0.1 M HCl purged for 2 hr with 
N2 gas) was first added to 50 ml of a 20 mM tricine solution (pH 
7.1, purged for 1 hr with N2 gas; tricine yV-[tris(hydroxym- 
ethyi)methyl]glycine). Two hundred microliters of the Sn- 
tricine solution was then added to 100 ^1 of ^^Tc O4 (4-20 
mCi (1 Ci = 37 GBq) activity in 0.9% NaQ) previously mixed 
with a 100 /ii (100 ^ig) aliquot of HYNIC-annexin V according 
to the methods described by Abrams et al (20). Specific activity 
was 10-200 ptCi/ztg protein (depending on desired activity) 
with a radiopurity of 92-97% determined with instant thin 
layer chromatography using 0.9% saline solution as a solvent. 

Scintillation Well Counting. Samples were counted in a 
Packard Cobra II gamma counter (Packard). The energy 
window was set at a lower level of 120 keV and an upper level 
of 170 keV for ^Tc. When was counted, samples were 
allowed to decay for at least 24 hr. The samples were then 
recounted using both the technetium window and an ^^l 
setting with a lower level of 20 keV and an upper level of 50 
keV. Samples were corrected for any residual cross talk. 

Radionuclide Imaging. A Technicare 420 mobile camera 
(Technicare, Solon, OH) equipped with a low energy high 
resolution parallel hole collimator was used to record the 
radionuclide distribution in mice and rats sedated with a 
mixture of 80 mg/kg ketamine and 4 mg/kg acepromazine 
injected i.m. Data were recorded by using a 20% window 
centered on the 140 keV photopeak of technetium into a 128 X 
128 matrix of a dedicated computer system for digital display 
and analysis (ICON, Siemens, Hoffman Estates, IL). All 
images were recorded for a preset time of 10-15 min. 

Marine Model of Fas-Mediated Apoptosis. Massive hepatic 
apoptosis can be induced within 1-2 hr in mice following i.v. 
injection of anti-Fas antibody (21). We used this well described 
model of in vivo programmed cell death to test the specific 
localization of '^Tc HYNIC-annexin to an organ undergoing 
apoptosis in vivo. Four- to five-wk-old BALB/c mice were 
injected i.v. with purified hamster anti-Fas mAb (Jo2, 10 
Atg/animal, PharMingen, San Diego, CA) using the model 
proposed by Ogasawara et al (21). Mice were then injected i.v. 
with 25-50 /ig/kg of ^c HYNIC-annexin V (10-25 yJCx/ 
animal for biodistribution study and 100-150 ptCi/animal for 
imaging studies) 1 or 2 hr after antibody treatment. Animals 
were killed 1 hr after administration of radiopharmaceutical 
followed by organ removal for scintillation counting of radio- 
activity and for histologic and immunohistochemical analyses. 

Control studies with '^c labeled human serum albumin 
(HSA) also were performed in untreated and anti-Fas treated 
mice. Although other proteins were considered as controls, 
albumin was selected because distinguishing the potential 
vascular disruption and protein leakage associated with acute 
apoptosis was a major goal of this control experiment. The 
animals were injected with 100-150 fiCi of ^^c labeled HSA 
(25 mg/animal) and imaged at 1 and 2 hr, in similar fashion to 
the mice receiving ^Tc HYNIC-annexin. 

Rodent Model of Cardiac Transplantation. Adult male AQ 
rats (250-350 g) received heterotopic cardiac allografts from 
PVG donors (obtained from Harlan-Sprague-Dawley) anas- 
tomosed to the hosts' abdominal aorta and inferior vena cava 
according to a modification of the technique of Ono and 
Lindsey (22). Syngeneic cardiac isografts from ACI donors 
also were transplanted to the abdomens of host ACI rats. PVG 
cardiac allografts in ACI recipients using the model above 
begin to undergo rejection between 4 and 5 days post- 
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transplantation as assessed by decreased pulsation to palpa- 
tion. Five days after transplantation all of the animals received 
700-900 fxCi of ^Tc HYNIC-annexin V (10-20 ftg protein/ 
kg) via tail vein and were imaged 1 hr later. Animals were then 
killed, and native and transplanted hearts underwent scintil- 
lation counting and histopathologic studies. 

Murine Model of Lymphoma. 38C13 murine B cell lympho- 
mas (23) were grown in C3H.HeN mice (Harian Breeders, 
Indianapolis) following s.c. injection of 400 tumor cells sus- 
pended in 200 /aI of RPMI medium 1640 (without serum) into 
the left flank. Fourteen days after implantation mice under- 
went treatment with 100 mg/kg of cyclophosphamide mjected 
i.p. Mice were injected i.v. with 25-50 /ig/kg of ^^c HYNIC- 
annexin y (100-150 /tCi/animal) 20 hr after cyclophospha- 
mide administration. Animals were then imaged and killed 1 
hr after injection of radiopharmaceutical after tumor removal 
for scintillation counting and histopathologic studies. 

Immunostaining for Bound Human Annexin V and Apo- 
ptotic Nuclei. Formalin-fixed paraffin-embedded tissues were 
sectioned at 5 fxm for staining with hematoxylin/eosin or other 
techniques. Immunostaining for bound human annexin V was 
performed with a rabbit anti-serum raised against human 
placental annexin V and affinity purified with recombinant 
annexin V coupled to Affi-Gel (Bio-Rad). Immunohistochem- 
ical detection then was completed by sequential incubations 
with biotin-Iabeled goat anti-rabbit antibody and avidin- 
horseradish peroxidase complex (Jackson Immuno Research), 
followed by reaction with 3,3'-diaminobenzidine as described 
by Bindl and Wamke (24). 

For the detection of apoptotic nuclei, sections were stained 
using a modification of the terminal deoxynucleotidyltrans- 
ferase-mediated UTP end labeling (TUNEL) method de- 
scribed by Gavrieh et al (25). After inhibition of endogenous 
peroxidase, deparaffinized sections were digested with pro- 
teinase K (20 fxg/ml) for 15 min at room temperature. Sections 
were then incubated with A exonuclease (life Technologies, 
Gaithersburg, MD) at 5 unit/ml for 30 min at 37''C followed 
by equilibration with terminal deoxynucleotidyltransferase 
reaction buffer (0.2 M potassium cacodylate, 25 mM Tris-HCL, 
0.25 mg/ml BSA, 1.5 mM CaCh, 20 mg/ml polyvinylpyrroli- 
done, and 20 mg/ml Ficoll) and 5 fiM dATP. The end-labeling 
reaction then was performed in terminal deoxynucleotidyl- 
transferase reaction buffer also containing a final concentra- 
tion of 75 unit/ml of terminal deoxynucleotidyltransferase and 
100 fiM of l//-6-ethenol-dATP (Sigma). After a 60-min 
incubation at 37*^0, the reaction was quenched via rinsing with 
1 X SSC (standard saline citrate). Sections were then incubated 
with murine 1G4 mAb (gift from Regina Santella, Columbia 
University), which recognizes the ethenoadenine moiety (26). 
Subsequent immuno-histochemical detection was as described . 
above, using a biotin-Iabeled goat anti-mouse antibody. 

RESULTS 

Biodistribution of Radiolabeled Annexin V in Fulminant 
Hepatic Apoptosis. There was a 134% and 304% increase in 
the hepatic uptake of ^*^c HYNIC-annexin V above controls 
at 1 and 2 hr after anti-Fas antibody injecfion, respectively, as 
determined by biodistribution studies (Table 1). Hepatic up- 
take was inversely proportional to renal uptake in treated mice 
with a 75% decrease in renal activity 2 hr after treatment Of 
note, there was <5% excretion of administered radiopharma- 
ceutical into the urine in control or treated animals. Splenic 
uptake was 108% and 54% above control values in the 1- and 
2-hr treatment groups, respectively. 

Subgroups of mice were co-injected with *^I-HSA to con- 
trol for nonspecific uptake of inert protein from the circulation 
caused by hepatic endothelial cell breakdown (27). Hepatic 
uptake was 120% above control values at 1 hr after anti-Fas 
antibody injection and remained unchanged in contrast to the 
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Table L Biodistribution study of radiolabeled annexin V after anti-Fas antibody treatment 



A) 




Controls 


1-hr anti-Fas 


2-hr anti-Fas 




Of JT\ 


{n = 9) 


(n - 15) 


{n - 12) 




Liver 


12.2 ± L4 


28.6 ± 9.4** 


493 ± 1Z7*** 




Kidneys 


55.9 ± 8.9 


35.2 ± 14.4** 


14.0 ± 10.0*** 




Spleen 


1.6 ± 0.25 


3.34 ± 1.42* 


2,46 ± 1.22(ns) 


B) 


I25I 


Controls 


1-hr anti-Fas 


2-hr anti-Fas 




%ID 


(n = 4) 


(« = 6) 


(n -5) 




Liver 


3.98 ± 1.09 


8.77 ± 3.53* 


* 8.4 ±1.92* 




Kidneys 


137 ± 035 


1,88 ± 0.37(ns) 


1,82 ± 038(ns) 




Spleen 


0.39 ± 0,09 


0.47 ± 0.15(ns) 


037 ± 0.041(ns) 


C) 


Weight 


Controls 


1-hr anti-Fas 


2-hr anti-Fas 




(grams) 


(n = 9) 


{n = 15) 


{n = 12) 




Liver 


1.06 ± 0.097 


1.29 ± 0.32(ns) 


137 ± 0.22* 




Kidneys 


031 ± 0.061 


032 ± 0.079(ns) 


0.37 ± 0.072(ns) 




Spleen 


0.12 ± 0.022 


0.12 ± 0-02{ns) 


0.11 ±0-01 4(ns) 



% injected dose (ID) per organ corrected for background, decay, and tail in^tration are listed for mice 
injected with 100^150 ^Ci (radiopurity >95%, specific activity 150-200 A^Ci/^ig protein) of *^c 
HYNIC-anncxin co-injected with 0.6 fiCi (25 mg) of ^^l radiolabeled HSA, A) Biodistribution of ^ Tc 
HYNIC-annexin V, B) '^S-hSA, and C) Organ weight. Data are expressed as mean ± standard error of 
the mean. P-values are shown in parenthesis Q for Dunnett's test for multiple comparison of means of 
the 1- or 2-hr post-treatment groups compared with control, ns, not significant (i.e., P-value > 0.05); *, 
P < 0.05; **, P < 0,001; ***, P < 0.0001, 

progressive rise in annexin V uptake. There was a 29% 
increase in liver weight at 2 hr. Renal and splenic weight and 
uptake of ^^I-HSA did not change significantly after treat- 
ment. 

Sections of livers from mice treated with anti-Fas antibody 
showed a spectrum of nuclear changes characteristic of apo- 
ptosis (margination of chromatin, pyknosis, and karybrrhexis) 
as early as 1 hr after injection; changes were more pronounced 
and focally associated with hemorrhage (peiiosis) 2 hr after 
treatment (Fig. L4), Iramunostaining for ^Tc HYNIC- 
annexin V was observed at the cytoplasmic border of apoptotic 
hepatocytes; although this result was focal, the localization 
pattern is consistent with PS extemalization, and staining 
never was observed in normal hepatocytes (Fig. IB) or in 
anti-Fas antibody-treated mice not injected with ^^Tc 
HYNIC-annexin V (data not shown). 

In Vivo Imaging of Fas-Mediated Fulminant Hepatic Apo- 
ptosis* A high concentration of radiolabeled annexin V activity 
was observed by scintillation camera imaging in the kidneys of 
control animals with minimal concentration in other organs 
(Fig. 2). Hepatic uptake in control mice [12% of injected dose 
(% ID)] did not permit clear delineation of the liver. In mice 
treated with anti-Fas antibody, there was a diffuse increase in 
the intensity of hepatic uptake of '^'^Tc HYNIC-annexin V 
observed at 1 hr, which continued to rise at 2 hr after 
treatment. The transient increase in splenic uptake and the fall 
in renal activity found in the biodistribution studies both were 
visualized readily with external imaging following anti-Fas 
treatment. A total of 19 mice (six control, seven 1-hr, and sbc 
2-hr anti-Fas-treated animals) underwent biodistribution study 
after imaging with ^Tc HYNIC-annexin V. TTie percentage 
of whole body activity per organ- determined by region of 
interest (ROI) image analysis correlated well with the per- 
centage of injected dose per organ determined by biodistri- 
bution (linear correlation coefficients for the liver, kidney, and 
spleen of = 0.853, 0.860, and 0.979, respectively.) 

There was no perceptible difference in liver, renal, or splenic 
uptake on the ^Tc-HSA images between the treated mice 
and controls (images not shown). There also was a direct 
correlation of observed uptake of ^Tc-HSA as seen by ROI 
image analysis and the biodistribution of ^^^c-HSA (data not 
shown), which mirrored the biodistribution of '^I-HSA, 

In Vivo Imaging of Cardiac Allograft Rejection. All of the 
PVG cardiac allografts (n = 4) were visualized easily with 
HYNIC-annexin V 5 days after transplantation (Fig. 3). 



ACI syngeneic cardiac isograf ts (n = 3) had no visible activity 
after injection of ^*^™Tc HYNIC-annexin with uptakes of 




Fig. 1. Histologic sections of murine liver immunostained for 
exogenously administered human annexin V. (A) Two hours after 
anti-Fas antibody treatment there is extensive apoptotic nuclear 
change, slight cytoplasmic retraction, and interstitial hemorrhage. 
Annexin V staining (brown immunostaining product) is focally present 
at the cytoplasmic border of apoptotic hepatocytes, (B) No hepatocyte 
staining was observed in untreated mice. Staining of bile duct epithe- 
lium was caused by antibody cross-reactivity because it also was seen 
in the absence of exogenously administered human annexin V (data 
not shown), (Diaminobenzidine immunostain with hematoxylin coun- 
terstain, X40 objective magnification.) 
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Right 



Left 





CONTROL 



1-Hr a-Fas 



2-Hr «-Fas 



Fig. 2. Imaging Fas-mediated fulminant hepatic apoptosis with 
radiolabeled annexin V. One hour after injection of 150 fxCi of 
radiopharmaceutical (50 fig/kg of protein) mice were imaged in the 
prone anterior projection. There was a progressive increase in ^^^c 
annexin V uptake of the liver of mice at 1 and 2 hr after anti-Fas 
antibody injection. Liver activity (L) was 111% and 239% above 
control values in the 1- and 2-hr mice, respectively, as shown by region 
of interest image analysis. Kidney activity (K) was 70% and 64% below 
control values in the 1- and 2-hr mice, respectively. Splenic activity (*) 
was 168% and 45% above control values in the 1- and 2-hr mice, 
respectively. 

radiopharmaceutical identical to native cardiac activity as 
confirmed by scintillation well counting (data not shown). The 
percentage of whole body activity of PVG allografts was 213% 
above AQ isograft activity {P < 0.005; using a two-tailed 
student's t test) determined by ROI image analysis. Scintilla- 
tion well-counting assay revealed a > 11-fold increase in ^^^^c 
HYNIC-annexin V uptake in PVG allografts as compared with 
native heart activity. 

Sections of PVG cardiac allografts 5 days after transplan- 
tation showed a marked mononuclear inflammatory cell in- 
filtrate in all animals; no infiltrate was observed in syngeneic 
or native hearts. The infiltrate surrounded areas of myocardial 
injury and was associated with thrombosis of myocardial 
vessels. In the center of these areas, there was frank necrosis, 
with no staining by hematoxylin, but at the periphery, there 
were nuclei with changes of apoptosis as confirmed by TUNEL 




SYNGENEIC 




ALLOGRAFT 



Fig. 3. Imaging cardiac allograft rejection with radiolabeled an- 
nexin V. Representative images of abdominal cardiac syngeneic ACI 
isograft and PVG allograft in Ad host rats 5 days after transplanta- 
tion. Rats were imaged in the prone anterior projection 1 hr after 
injection with 900 iiCi of '^c-annexin V. Location of transplanted 
hearts are marked by arrows. Intense uptake of^c HYNIC-annexin 
V was observed in the cardiac allograft animal (Rig^t) as compared 
with the lack of visualization of the syngeneic cardiac isograft (Left). 



Staining (Figs. 4^4 and B). Immunostaining for ^^Tc HYNIC- 
annexin V was observed in a granular pattern in cardiac 
myocytes at the junction of inflamed and necrotic areas; the 
nuclei of these cells were stained still by hematoxylin, further 
suggesting that they were apoptotic rather than necrotic (Fig. 
5/1). Anti-annexin V staining was far more extensive in terms 
of the number of positive myocytes and intensity compared 
with TUNEL. Anti-annexin staining was heavy and clumped in 
frankly necrotic areas as expected (Fig. 5A) but was specific; 
no staining was observed in syngeneic or native hearts or in 
staining of allografted hearts in which the primary antibody 
was omitted (Fig. SB). 

In Vivo Imaging of Treated Murine Lymphoma. Untreated 
flank tumor implants (n — 8) were seen easily by scintillation 
camera imaging (Fig. 6) and had an annexin V uptake 365% 
above normal soft tissue activity as shown by ROI image 
analysis. Treated flank tumors (n — 6) showed readily visual- 
izable increases in ^Tc HYNIC annexin V activity of 78% 
above control values expressed as whole body activity per gram 
of tumor (P < 0.05 using a two-tailed student's t test for 
significance). This result was confirmed by scintillation well 
counting in which treated tumors demonstrated a 132% in- 
crease in annexin V uptake expressed as percentage of injected 
dose per gram of tumor {P < 0.05) with a 58% fall in weight 
(P < 0.05) compared with the control. The whole body activity 
per gram of tumor as seen by ROI image analysis linearfy 
correlated to percentage of injected dose per gram of tumor 
determined on biodistribution study (r^ = 0.831). Histologic 




Fig. 4. Staining for apoptotic nuclei in allografted rodent heart 5 
days after transplantation. (A) TUNEL staining showing apoptotic 
nuclei and fragments in some myocytes bordering areas of necrosis 
(myocytes without visible nuclei in upper half of field). (B) TUNEL 
positive nuclei and fragments within inflammatory infiltrate (right half 
of field) and in some myocytes bordering regions of inflammation. 
(Diaminobenzidine immunostain with hematoxylin counterstain, x40 
objective magnification.) 
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Fig. 5. Immunostaining for exogenously administered human an- 
nexin V in allografted rodent heart 5 days after transplantation. (A) 
Immunostaining with an antibody to human amiexin V shows dense, 
granular staining of apoptotic myocytes at the periphery of the 
inflammatory infiltrate. Staining of necrotic myocytes (myocytes 
without visible nuclei) was clumped heavily and central. (B) Immu- 
nostaining of area similar to that shown in A omitting the primary 
antibody, shows no reaction product (Diaminobenzidine immunostain 
with hematoxylin counterstain, x40 objective magnification.) 

analysis demonstrated virtually complete (>95%) apoptosis of 
all lympboblasts in treated tumors with <5% apoptotic cells in 
controls (data not shown). 

DISCUSSION 

These experiments indicate that exposure of PS on the surface 
of cells undergoing apoptosis can be detected in vivo with 
radiolabeled annexin V in animal models including Fas- 
mediated fulminant hepatitis, cardiac allograft rejection, and 
tumor response to treatment. ^Tc HYNIC-labeled annexin 
V radionuclide imaging demonstrated clear and specific local- 
ization to regions of apoptotic cell death. As has been shown 
for annexin V reagents in vitro, annexin V radionuclide 
imaging can provide a tool which can directly assess for early 
stages of programmed cell death, before membrane vesicle 
formation and DNA degradation particularly as measured by 
the TUNEL method (7, 8). Imaging of tissues undergoing 
apoptosis could be helpful in monitoring the efficacy of 
therapy of diseases associated with abnormal uiduction or 
inhibition of programmed cell death. Apoptosis appears to 
play an important role in autoimmune and neurodegenerative 
diseases, cardiomyopathy, myocarditis, cerebral and myocar- 
dial ischemia, infectious diseases, cancer, viral mduced hepa- 
titis, and organ and bone marrow transplant rejection (1). 

The numerous anti-annexin V positive-stain uig myocytes 
found in rejecting rodent heart transplants with nuclei which 




Fig. 6. Imaging treated murine lymphoma with radiolabeled an- 
nexin V. CH3.HeN mice 14 days after implantation of 38C13 murine 
B cell lymphoma s.c. into the left flank were treated with 100 mg/kg 
of cyclophosphamide injected i.p. Twenty hours after treatment mice 
were injected with 150 ^tCi of ^^c HYNIC annexin V (50 jxg/kg of 
protein). One hour after administration of ^"Tc HYNIC annexin V 
mice were imaged in the prone anterior projection. Treated tumor 
demonstrated uptakes of 363% and 454% above control seen by region 
of interest analysis and biodistribution assay, respectively. Control 
tumor weight = 1.29 grams, treated tumor weight = 0.82 grams. U left; 
R, right. 

were only occasionally TUNEL positive implies that radiola- 
beled annexin V imaging may be superior to standard his- 
topathologic assessments of apoptosis. These data suggests a 
far greater role for programmed cell death in cardiac allograft 
rejection than previously reported (28-32). Anti-annexin V 
staining of apoptotic myocytes (with or without TUNEL 
stained nuclei) was diffusely granular in appearance in contrast 
to the peripheral pattern of apoptotic hepatocytes. This pat- 
tern of exogenous annexin V localization may relate to the 
unique cellular morphology of myocardial tissue; the extensive 
sarcoplasmic reticulum, which communicates with the extra- 
cellular space, also may be capable of externalizing PS during 
apoptosis. 

The ability of annexin V to bind to necrotic cells in vivo and 
bind to PS located in the inner leaflet of the plasma membrane 
is confirmed by finding heavy and clumped anti-annexin V 
staining in frankly necrotic areas m cardiac allografts. As a 
result, annexin V localization in vivo does not appear to be 
entirely specific for apoptosis. In the clinical setting, however, 
the ability of radiolabeled annexin V to noninvasively image 
both apoptosis and necrosis may prove useful in reducing the 
need for routine surveillance through endomyocardial biopsy 
after cardiac transplantation, which currently is the only 
reliable clinical means to diagnose acute transplant rejection 
(33, 34). Furthermore, radiolabeled annexin V imaging of the 
entire myocardium may provide diagnostic information supe- 
rior to endomyocardial biopsy, which necessarily can only 
sample a limited region within the right ventricle. 

These studies also demonstrate that radiolabeled annexin V 
imaging can detect an increase in PS exposure associated with 
apoptosis of implanted murine flank lymphomas after cyclos- 
phosphamide treatment. Estimates of the degree of cell death 
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during the first week of induction therapy using bone marrow 
aspirates has been shown to provide prognostic information in 
childhood leukemia (35, 36). Other investigators have shown a 
direct relationship between the degree of apoptotic cell death 
and subsequent tumor growth delay in murine models of 
lymphoma (37, 38). To date, the only noninvasive imaging 
method shown to detect apoptosism vivo has been lipid proton 
NMR spectroscopy (5, 6). Lipid proton NMR spectroscopy, 
however, has inherent problems with magnetic susceptibility 
outside the central nervous system and has relatively low 
sensitivity. 

Kidneys in control animals have marked uptake of ^Tc 
HYNIC annexin V. The high renal concentration did not 
preclude the imaging of other major organs undergoing apo- 
ptosis. The cellular site of binding is uncertain, but preliminary 
autoradiographs suggest the renal distribution of annexin V is 
cortical. The specific mechanism of renal cortical binding is 
uncertain but may relate to the intrinsic lipid profile of the 
kidney, in which there is a significantly higher concentration of 
PS in the cortex as compared with the papillary regions (39). 

The initial increase of ^^I-HSA hepatic uptake after anti- 
Fas treatment is most likely caused by an expanded extracel- 
lular fluid volume from the early breakdown of hepatic 
endothelial cells as described by Lacronique et al (27) and is 
confirmed by an increased hepatic wei^t of these treated 
animals. The initial increase of ^^I-HSA hepatic uptake, which 
subsequently remained unchanged, is in marked contrast to the 
progressive rise of radiolabeled annexin V hepatic uptake, 
which was specific for increasing numbers of apoptotic hepa- 
tocytes. 

In summary, this study demonstrates the utility of ^Tc- 
radiolabeled annexin V for in vivo imaging of PS expression 
associated with apoptosis. Serial noninvasive assessments of 
PS extemalization with radiolabeled annexin V may provide a 
more sensitive and rapid means of monitoring disease pro- 
gression, determining treatment efficacy, and diagnosing a 
number of human disorders than is currently possible in the 
clinical setting. 
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Plasma membrane binding of annexin V was used 
to detect and quantitate apoptotic cells induced by 
cytotoxic drug treatment in epithelial cell cultures, 
Oiinese hamster ovary (CHO) cells were incubated 
for 2 h with the ID90 concentration of Cisplatin (20 
|jiM), and 24, 48, 72, and 96 h later the unfixed cells 
were stained with fluorescein isothiocyanate (FITC)- 
conjugated annexin V. The fluorescence signal was 
quantitated by flow cytometry (FCM), During the 
early phase of the apoptotic response, the annexia 
V-binding frequency histograms showed two sepa- 
rate cell populations, a dimly and a brightly fluores- 
cent one. At t = 96 h after drug incubation, ^^en the 
process of apoptosis was completed, only tbe 
brighdy fluorescent population was present. A dose- 
efTect relationship could be established between the 
Cisplatin concentration used in the 2 h incubation 
and the binding of annexin V on the ceU membrane, 
as estimated by FITC fluorescence. The dimly and 
brightly fluorescent populations were sorted on the 
basis of annexin V binding, and assayed for 1) DNA 



breaks by in situ nick translation assay and DNA 
content by DNA-propidium iodine fluorescence in a 
bivariate analysis, 2) membrane integrity by dye ex- 
clusion, and 3) morphological characteristics of 
apoptosis. The dimly fluorescent cell population ap- 
peared to represent apoptotic cells in die early phase 
of the death process, as demonstrated by intact ceU 
membranes, normal DNA content, few DNA breaks, 
and chromatin condensation. The brightly fluores- 
cent cells predominandy had sub-Gj DNA content, 
nuclear fragmentation, leaky cell membranes, and 
probably represent late apoptotic cells. These results 
demonstrate that cytotoxic drug-induced apoptosis 
can be quantitated by annexin V binding and that by 
using this assay early and late apoptotic cells can be 

identified. © 1996 WUey-Uss, inc. 



Key terms: Cisplatin-induced apoptosis, annexin V, 
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Apoptosis is the normal physiological way of cell death 
during, e.g., embryogenesis and tissue homeosusis 
(24,25), and can also be induced by a large variety of 
external stimuli, like viral infections and toxic insults, 
including anticancer drug treatment (5,6,10,21). Apopto- 
sis is a specific form of programmed cell death that is 
characterized by condensation of cytoplasm and chroma- 
tin, nuclear fragmentation, and ultimate sequestration of 
eel lular contents into membrane-bound apoptotic bodies 
(10,25). Typically, the integrity of organelles and cell 
membrane is maintained during the early phases of the 
death pathway. The importance of studying the process 
of apoptosis is nowadays readily appreciated in medical 
biology. Defective regulation of programmed cell death 
may play a role in the etiology of cancer, acquired immu- 
nodeficiency syndrome (AIDS), autoimmiine diseases, 
I and degenerative diseases of the central nervous system 
I (3). It is believed that the pharmacological maiupulation 



of apoptosis might offer new possibilities for the preven- 
tion and treatment of these diseases. 

Several biochemical methods have been described for 
the detection of apoptotic cells, based on the various 
characteristics of the apoptotic response (20,25). The 
hallmark of apoptosis is endonucleolysis, a process 
whereby nuclear DNA is initially degraded at the nucle- 
osomal linker regions (2). Electrophoresis of such de- 
graded DNA reveals a so-called ladder panern of nude- 
osome-sized fragments of 180 base pairs (bp) or a 
multiple of that The DNA-ladder technique is commonly 
used for the detection of apoptotic cells. Unfortunately, 
this as^y system is difficult to quantitate and caimot be 
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used to evaluate apoptosis in individual cells. Another 
technique for the detection of single-stranded DNA nicks 
in individual cells uses in situ labeling of DNA breaks by 
a reporter molecule, either by in situ nick translation 
(ISNT) in the presence of a DNA polymerase or by in situ 
end labeling with terminal deoxynucleotidyl transferase 
(9). This technique of in situ labeling of DNA breaks can 
be applied both on formalin-fixed, paraffin-embedded tis- 
sue sections (23) and on single cell suspensions, allowing 
flow cytometric analysis (9). The aforementioned assays 
for apoptosis rely heavily on DNA breaks as the indicator 
of the apoptotic process. However, the absolute require- 
ment for multiple DNA breaks during apoptosis has been 
questioned seriously (4,22). DNA fragmentation during 
apoptosis proceeds through an ordered series of stages 
commencing with the production of 300 kbp DNA frag- 
ments, which are then degraded to fragments of 50 kbp 
(22). The oligonucleosomes that form the characteristic 
DNA ladder are released upon further degradation of the 
50 kbp fragments, a process that appears to be cell type 
specific ( 16). 

It was recentiy shown that membrane alterations in 
apoptotic lymphocytes can be used to detect and quan- 
tify the apoptotic process (11). Cells undergoing apop- 
tosis lose membrane phospholipid asynmietry and ex- 
pose phosphatidylserine on the outer leaflet of the 
plasma membrane (7). Annexin V [formerly called vas- 
cular anticoagulant a (8)] is a member of the annexin 
family of calcium and phospholipid binding proteins, and 
binds preferentially to negatively charged phospholipids 
like phosphatidylserine (1). Upon conjugation with fluo- 
rescein isothiocyanate (FITC), annexin V can label Bur- 
kitt lymphoma cell lines and freshly isolated germinal 
center B cells, cultured under apoptosis inducing condi- 
tions ( 1 1 ). In the present work we show that annexin V 
also binds to the membrane of epithelial celk that have 
been triggered into apoptosis by treatment with cyto- 
toxic drug and that this method can be used for the quan- 
tification of early and late apoptotic cell populations. 

MATERIALS AND METHODS 
Cell lines and Culture Conditions 

Chinese hamster ovary (CHO) cells were maintained in 
monolayer culture in Dulbecco's modified culture me- 
dium, supplemented with 10% fetal calf serum, 100 
units/ml penicillin, 100 fig/ml streptomycin, and 2 mM 
L-glutamine. The cells were cultured at 37°C in a himiid- 
ified incubator with 8.5% CO2 and passaged by trypsiniza- 
tion. To obtain single cell suspensions, cells were 
trypsinized, wa^ed once with RPMI culture medium con- 
taining 10% fetal calf serimi, and thereafter washed twice 
with RPMI culture medium without phenol red For in- 
duction of apoptosis, exponentially growing 1 X 10^ CHO 
cells were seeded per 75 cm^ flask and 24 h later incu- 
bated for 2 h with Cisplatin (cts-diamminedichloroplati- 
num n) at various concentrations (5, 10, and 20 |jlM), 
diluted in culture medium. Thereafter, the cells were 
washed with culture medium and further cultured in drug- 
free medium for either 24, 48, 72, or 96 h. 



Annexin V Binding 

Labeling of cells with FITC-conjugated annexin V was 
performed in essence as described (11). Cells were in- 
cubated for 1 h at 37°C with 0,5 ftg/ml FITC-conjugated 
annexin V (BioWhittaker, Verviers, Belgium) in HEPES- 
buffered ( 10 mmol/1 HEPES/NaOH, pH 7.4) RPMI culture 
medium (without phenol red). Thereafter, the cells were 
washed 2 times in culture medium, and kept on ice until 
further processing 

KNT Assay 

The ISNT assay was performed as described previously 
(9.15). Briefly, at different time points (24, 48, 72, and 96 
h) after Cisplatin incubation, cells were fixed in 1% form- 
aldehyde in phosphate-buffered saline (PBS) (pH 7.4) for 
30 min on ice. After washing with PBS, the cells were 
resuspended in 70% ice-cold ethanol in PBS and stored at 
-20°C until further processing. For ISNT the fixed cells 
were washed in PBS and resuspended in buffer contain- 
ing 5 mM MgQj, 10 mM p-mercaptoethanol, 50 mM Tris 
pH 7.8, 1 unit/ml Escherichia coli DNA polymerase, 0.2 
nmol biotin-ll-dUTP, and 0.2 nmol unlabeled dATP, 
dCTP, and dGTP. After incubation for 90 min at 1 5*'C, the 
cells were washed with PBS supplemented with 01% 
Triton X-100 and resuspended in staining buffer consist- 
ing of 2.5 jxg/ml avidin-FITC in 4 x saline sodium citrate 
buffer (1 X SSC = 0.15 M NaCl, 0.015 M Na-citrate), 
0.1% Triton X-100, and 5% (wA^) nonfet dry milk. Stain- 
ing was performed for 30 min at 37°C. Thereafter, the 
cells were washed with PBS. DNA was counterstained for 
30 min on ice with propidium iodide (PI) (5 p-g/ml) in 
PBS. 

For sorting of cells labeled by FITC-conjugated annexin 
V and subsequent ISNT assay, the cells were labeled as 
described above. After sorting, the cells were washed 2 
times with PBS and fixed in 1% formaldehyde in PBS (pH 
7.4) for 30 min on ice. After washing with PBS, the cells 
were resuspended in 70% ice-cold ethanol in PBS and 
stored at -20°C for ISNT. The formaldehyde fixation re- 
moved all annexin V from the cell membrane, excluding 
interference of FITC bound to annexin in the fluores- 
cence signal obtained in the ISNT assay. 

Flow Cytometry (FCM) and Sorting 

FCM was performed on a FACScan flow cytometer 
(Becton Dickinson, Moimtain View, CA) with excitation 
at 488 nm. The following parameters were measured: 
forward light scatter (FLS), perpendicular light scatter 
(PLS), FITC fluorescence (515-545 nm), and fluores- 
cence of the DNA-PI complex (563-607 nm). Compen- 
sation was used v^iierever necessary. Sorting experiments 
were performed on a FACS Vantage flow cytometer (Bec- 
ton Dickinson). For annexin V staining, FLS and PLS were 
measured in lineair (lin) mode and FITC in logarithmic 
(log) mode. For the measurement of ISNT, FLS, PLS, and 
PI were set in the lin mode and FITC in the log mode. 
Cell debris was excluded from analysis by appropriate 
FLS threshold setting. 
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Fig. 1. Ruorescencc intensity, expressed in arbitrary units (a.u.), of 
FITC-conjugated annexin V bound to Cispiatin-treated (20 pAl, 2 h at 
3^0) CHO cells. At 24, 48, 72, and 96 h after drug incubation, the cells 
wc re stained with FITC-conjugated annexin V and the binding of annexin 
V was quantified by FCM. Solid line: control CHO cells; dotted line: 
drug-treated CHO cells. At t = 48 h and l = 72 h after drug incubation. 



Gel Electrophoresis 
After trypsinization 2.10^ ceils were collected in a cell 
pellet. The pellet was resuspended in 400 \il lysis buffer 
[200 mM Tris pH 8.5, 100 mM EDTA, 1% sodium dodecyl 
sulfate (SDS), and 100 M-g^ml proteinase K] and incubated 
overnight at 5TC. DNA was obtained by phenol extrac- 
tion and precipitated overnight at -20°C with sodium 
acetate and ethanoL The precipitated DNA was spun 
down, washed with ethanol (70% ), and dried. The pellet 
was dissolved in 100 pJ TE containing 50 |Jig/'ml RNase A 
and incubated for 30 min at dTC. Twenty microliters of 
DNA was transferred onto a 1.8% agarose gel and run for 
2 h at 50 V in TBE buffer in the presence of 0.5 ixg/ml 
ethidium bromide. 

RESULTS 
FTTC-Conjugsted Annexin V Stains 
Cisplatin-Induced Apoptotic Cells 

r We have previously shown that incubation of tissue 
f culture cell lines with cytotoxic drugs can trigger an 
apoptotic response that increases in time, with a maximal 



the annexin V-binding frequency histograms of the Cispiatin-treated 
CHO cells show two distinct cell populations, Anl and An2, with a low 
and a high capacity, respectively, to bind annexin V. At t ~ 96 h, all 
drug-treated cells have a high annexin V-binding capacity. Data from a 
representative experimcnL 



response at about 96 h after drug incubation, and whose 
extent is concentration dependent (15>. In order to de- 
termine whether cytotoxic drug-induced apoptosis can 
also be detected by FITC-conjugated aimexin V, we 
treated CHO cells with a Cisplatin protocol which we had 
previously shown will induce apoptosis (17). The CHO 
cells were incubated for 2 h with the ID90 concentration 
(estimated by MTT cytotoxicity assay), i.e., 20 jJi-M Cis- 
platin, and 24, 48, 72, and 96 h later the cells were 
stained with FITC-conjugated annexin V (Fig. 1). The 
mean fluorescence si^ial of the drug-treated cells in- 
creased in time, compared with imtreated control CHO 
cells. At t = 48 h, the FITC frequency histogram of the 
drug-treated cells clearly differed from that of the control 
cells, and comparison of the histograms obtained at t = 
48 h, t == 72 h, and t = 96 h suggests that in the drug- 
treated cultures, at t = 48 h and t = 72 h, 2 separate cell 
populations are stained by annexin V (referred to as Anl 
and An2). At t = 48 h, the annexin V-binding histogram 
shows one distinct cell population (Anl) with a mean 
fluorescence intensity of about 100 arbitrary units (a.u.) 
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Fig. 2. Agarose gel analysis of DNA fragmentation in Cisplatin-treated 
(20 p-M, 2 h at 37*'C) CHO cells 96 h after drug incubation. DNA was 
elcctrophorescd in a 1.8% gel containing 0.5 M-g^mi ethidium bromide. 
Lane a: molecular weight standards (Gibco, Grand Island, NY); lane b: 
DNA isolated from untreated, control CHO cells; lane c: DNA isolated 
from Cisplatin-treated CHO cells. DNA degradation in nucleosome-sized 
fragments is evident. 



and suggests another, broader population (An2) with a 
higher fluorescence intensity. The latter clearly in- 
creased in time probably due to increased annexin V 
binding of the cell population (Anl) with the weaker 
fluorescence signal. At t = 96 h, the cells had a typical 
apoptotic feature with condensed chromatin and nuclear 
fragmentation (data not shown). DNA degradation in nu- 
cleosome-sized fragments could be detected by qualita- 
tive gel electrophoresis (Fig. 2), a finding that correlates 
the annexin V binding with the presence of a typical 
DNA-ladder pattern, which is the hallmark of apoptosis. A 
dose-effect relationship could be established between the 
Cisplatin concentration used in the 2 h incubation period 
and the binding of annexin V on the cell membrane, as 
estimated by FITC fluorescence (Fig. 3). A decrease in 
drug concentration leads to a decrease in the number of 
cells staining positive for annexin V binding. 

Annexin V Binding Vs. ISNT Assay 

Subsequentiy, we compared annexin V labeling with 
ISNT assay for their ability to detect apoptotic cells (Fig. 
4). At the indicated time points the Cisplatin-treated sam- 
ples were split into two: one sample for ISNT and the 
other sample for annexin V labeling (Fig. 4, inset). Prior 
to drug incubation, the CHO cells showed hardly any 
^ntaneous apoptosis (Fig. 4, control). At 24 h after 
drug incubation, cells accumulated in G2 phase of the 
cell cycle, and only a small increase in annexin V labeling 
is observed. At t = 48 h, apoptotic cells can be distin- 
guished with die ISNT assay on the basis of DNA content 
(DNA-PI fluorescence) and biotin-dUTP labeling (FITC 
fluorescence). One cluster of apoptotic cells (Apl) is 
only shifted on the vertical axis due to incorporation of 



biotin-dUTP, and has a normal DNA content. The other 
cluster of apoptotic cells (Ap2) has a reduced DNA con- 
tent, probably as a result of loss of diffusible DNA of low 
molecular weight (200-1,000 bp; mono- and short oli- 
gonucleosomes (9)], and the shedding of apoptotic bod- 
ies, containing fragments of nuclei. The annexin V histo- 
gram at t = 48 h also shows 2 cell populations, a brightly 
and a dimly fluorescent population. At t = 72 h, the 
apoptotic cell population Ap2 is strongly increased, rel- 
ative to Apl. At t = 96 h, the vast majority of cells is 
apoptotic, as estimated by both assays. 

Sorting of Annexin V-Labeled Ceils 

Comparison of the results obtained with ISNT and an- 
nexin V binding as shown in Figure 4 suggests that the 
apoptotic cells clusters Apl and Ap2 correspond, respec- 
tively, to the dindy and brighdy fluorescent populations 
Anl and An2, identified by annexin V binding. In order to 
determine more precisely wiiere the two different apop- 
totic cell populations in Cisplatin-treated CHO cell cul- 
tures identified by ISNT are located in the FITC-conju- 
gated annexin V histograms, we performed cell sorting 
experiments. The most straightforward approach would 
be to sort the Apl and Ap2 populations and label them 
with annexin V, However, for the ISNT assay it is an ab- 
solute requirement that the cells are fixed in formalde- 
hyde, a condition that does not allow binding of annexin 
V anymore (data not shown). However, the opposite ap- 
proach, i.e., sorting on the basis of annexin V binding and 
thereafter ISNT, indeed appeared to be possible. We had 
noticed previously that at high Cisplatin concentration 
(ID90), drug-treated cells start to detach from the tissue 
culture surfece about 1 day after incubation, and that this 
process proceeds in time till all apoptotic cells are float- 
ing and finally fell apart into apoptotic bodies and form 
cell debris. Therefore, CHO cells were treated with Cis- 
platin (20 jxM) and 2 days later the cultures were sepa- 
rated into floating cells, which were simply pipetted off 
the culture, and adherent cells, obtained by trypsiniza- 
tion. The FITC-coiijugated aimexin V histogram of the 
total cell population, obtained by mixing the adherent 
cells with the floating cells, clearly shows two separate 
cell populations (Fig. 5b), identical in fluorescence in- 
tensity with the previously identified cell populations 
Anl and An2. These two separate populations (Fig. 5b) 
are therefore also referred to as Anl and An2. The an- 
nexin V-binding histograms of die adherent cells (Fig. 5c) 
and the floating cells (Fig. 5d) show that Anl represents 
the adherent cells and An2 the floating cells. Subse- 
quendy, we sorted adherent cells (sort I) and floating 
cells (sort H) on the basis of fluorescence intensity (Fig 
5c,d). These sorted cells were used for KNT, Fixation of 
the cells with formaldehyde completely removed the 
bound annexin V (data not shown). In the ISNT assay, the 
Anl sorted cells (sort I) primarily coni^ist of cells with 
normal DNA content and that partly have incorporated 
biotin-dUTP (Fig. 5e), ^le the floating cells (sort U) 
with the highest annexin V binding predominantly have 
sub-Gi DNA content (Fig. 5f). Cytospin slides of the 
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Fig. 3- Fluorescence intensity, expressed in arbitrary units (au.), of FITC-cbnjugatcd annexin V bound to 
CHO cells treated for 2 h with different concentrations of Cisplatin (5, 10, and 20 jiM), The data are repre- 
sentative univariate histograms taken at 96 h after drug incubation. Solid line: control CHO cells; dotted line: 
drug-treated CHO cells. In each panel the number of apoptotic cells, expressed as percentage of the total 
number of cells analyzed, is indicated. 
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Rg. 4. Labeling of DNA strand breaks with biotin-dUTP by ISNT in 
untreated, control CHO cells and Cisplatin treated (20 pM, 2 h at yfC) 
GHO cells at different time intervals (24, 48. 72, and 96 h) after drug 
incubation. The extent of DNA strand breaks is estimated by avidin-FITC 
fluorescence, and ccdlular DNA content by DNA-PI fluorescence, both 
C3q)rcssed in arbitrary units (a.u.> Control, untreated CHO cells. The 
■ position of cells in G„ S, or Gj + M is indicated Two apoptotic cell 



populations arc identified: Apl and Ap2. Cluster Apl is only shifted on 
the vertical axis due to incorporation of biotin-dUTP and has a normal 
DNA content, as shown at t = 48 h and t = 72 h. Cluster Ap2 is mainly 
characterized by sub-Gj DNA content. At t = 96 h. the apoptotic cells 
are predominantly present in cluster Ap2. The data are representative 
bivariate histograms of 20,000 events and arc displayed as dot plots. 
Insets: Annexin V binding of the same samples. 
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sorted cells stained with hematoxylin clearly show nu- 
clear fragmentation in sort II fraction (Fig. 5h), and only 
cells with the beginning of nuclear condensation and 
fragmentation in sort I fraction (Fig, 5g). As estimated by 
dye exclusion assay with trypan blue, the vast majority of 
the sort I cells had an intact cell membrane: only about 
13% of the sort I cells stained with trypan blue. For the 
sort 11 cells the opposite was found: about 74% of the 
cells had taken up the dye, and apparendy had a leaky cell 
membrane. Treatment of adherent cells with Triton 
X-100 (final concentration 0.03%) for 10 min (100% 
permeability established by dye exclusion) led to an in- 
crease in fluorescence to the intensity shown by the 
brightiy fluorescent cells (data not shown). 

DISCUSSION 

It is very likely that anticancer drugs exert their cyto- 
toxic action by triggering a conserved, gene-activated 
program for cell death, referred to as apoptosis (5,6,21). 
Recent evidence strongly suggests that inhibition of the 
apoptotic pathway can lead to cytotoxic drug resistance 
(5,12,14,18). Although the molecular mechanism of 
apoptosis is yet unknown, several tumor suppressor 
gc-nes and oncogenes have been shown to mediate and 
modulate the apoptotic cell response. Among these genes 
are the tumor suppressor gene p53 and the protoonco- 
gene bcl-2 (12,14,18). Since chemotherapy failure due to 
cellular drug resistance is still a major problem in the 
clinic, it is worthwhile to study how cells are killed by 
cytotoxic drugs and to unravel the events that occur as a 
consequence of the drug-target interaction that finally 
leads to cell death (5). 

The early phase of the apoptotic response is character- 
ized by an intact cell membrane, compaction and mar- 
gination of nuclear chromatin, and condensation of cyto- 
plasm (10). At a later stage there is membrane blebbing 
and constriction of both the nucleus and the cytoplasm 
into multiple, membrane-bound apoptotic bodies. The 
size and composition of these apoptotic bodies vary con- 
siderably; many contain several nuclear fragments, 
^liereas others lack a nuclear component. The cytoplas- 
mic organelles of newly formed apoptotic bodies remain 
well preserved (10). Probably, the final goal of this step- 



FiG. 5. Sorting of adherent and floating drug-treated CHO cells on the 
ba^ of FITC-conjugated annexin V staining, and subsequent analyses in 
tfic ISNT assay. The CHO cells had been treated with Qsplatin (20 jiM, 
2 h at 37*C) 2 days earlier. The annexin V binding of the total cell 
population shows two separate cell populations (b: Anl and An2). Ap- 
optotic cell population Anl represents the adherent cells (c) and An2 
the floating cells (d). Adherent cells (sort I) and floating cells (sort II) 
were soncd on the basis of the FITC fluorescence indicated in the fig- 
ures. In the ISNT assay, sort I cells have a normal DNA content and partly 
incorporate biotin-dUTP (e), while sort II cells arc mainly ciiaraaerized 
by a sub-Gj DNA content (f). Morphological appearance of normal, un- 
treated CHO cells stained with hematoxylin (a), cells firom sort I (g) 
with the beginning of chromatin condensation and fragmentation, and 
cells from sort II (h) with nuclear fragmentation arc shown. The data 
from one representative experiment out of three arc shown. 



wise breakdown of dying cells is to make them consum- 
able for phagocytic cells, Apoptotic cells are recognized 
by macrophages and other phagocytic cells before they 
rupture, which prevents a potentially damaging inflam- 
matory response (25). Apoptotic cells have been sho\KTi 
to lose membrane phospholipid asymmetry and expose 
phosphatidylserine on the outer leaflet of the plasma 
membrane (7). Macrophages which specifically recog- 
nize phosphatidylserine would then phagocytose apop- 
totic cells (19). 

Koopman et al. (11) have used B-lymphocytes to es- 
tablish the applicability of annexin V binding for the de- 
tection of apoptosis. Martin et al. (13) showed that early 
redistribution of membrane-bound phosphatidylserine is 
involved in the apoptosis process, regardless of the initi- 
ating stimulus. In this study we show that epithelial cells 
undergoing apoptosis as a consequence of cytotoxic drug 
exposure can be labeled with FITC-conjugated annexin V 
and quantified by FCM. 

We identified two distinct apoptotic cell populations, 
one dimly and one brightly fluorescent one, in Cisplatin- 
treated CHO cell cultures. The dimly fluorescent cells 
apparently have a low capacity to bind annexin V, prob- 
ably due to limited phosphatidylserine exposure on the 
outer surfece of the intact cell membrane. It appears that 
this cell population represents apwDptotic cells in the early 
phase of the process. In addition to membrane integrity, 
they show only the beginning of nuclear condensation 
and fragmentation and only the beginning of DNA breaks, 
with a normal DNA content. In contrast, the brightly flu- 
orescent apoptotic cells predominantly have sub-G, DNA 
content and strongly fragmented nuclei. Since An2 cells 
have a disrupted cell membrane, the increased armexin V 
binding of the late apoptotic cells is probably caused by 
increased accessibility of annexin V to the irmer leaflet of 
the plasma membrane. It seems very likely that there is a 
progressive shift from Anl toward An2- 

In conclusion, compared to other techniques, the an- 
nexin V labeling technique is strongly recommended as 
an assay for the detection and quantification of especially 
early apoptotic cell populations. The assay has the advan- 
tage that it is rapid and is applied on unfixed cells. This 
enables FCM cell sorting of the early apoptotic cells 
which can be used for future studies requiring cells with 
an intact cell membrane. 
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Annexin V, the regulator of phosphatidylserine-catalyzed inflammation and coagulation 
during apoptosis 
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Abstract. Annexin V belongs to a family of phospholipid binding proteins, the Annexins. It binds in the presence 
of Ca^"^-ions with high affinity to negatively charged phospholipids like phosphatidylserine (PS). On the basis of 
its protein structure and biological activity Annexin V is considered as a protein exhibiting its hitherto unknown 
function within the intracellular environment. One argument comes from the understanding that PS is predomi- 
nantly located in membrane leaflets, which face the cytosol. However, recent findings show that each cell type has 
the molecular machinery to expose PS at its cell surface. This machinery is activated during the execution of 
apoptosis. Once PS is exposed at the cell surface it exhibits procoagulant and proinflammatory activities. Annexin 
V will bind to the PS-exposing apoptotic cell and can inhibit thereby the procoagulant and pro-inflammatory 
activities of the dying cell. These findings together with the presence of Annexin V in the extracellular space depict 
a novel (patho)physiological significance for Annexin V in vivo. 
Key words. Annexin V; phosphatidylserine; apoptosis; inflammation; coagulation. 



Annexins are a class of proteins that share structural 
and functional features. To date this family comprises 
thirteen members whose primary structure has been 
resolved. 

The criteria for being a member of the Annexin family 
are structural and functional. The Annexin primary 
structure is characterized by tandem homologous do- 
mains, each of which contains the so-called endonexin 
loop. This conserved amino acid motif harbours the 
phospholipid binding site, which conveys the functional 
property of binding to phospholipids. Most Annexins 
behave as extrinsic membrane proteins which bind re- 
versibly to phospholipid membranes in a manner that 
depends on Ca^'^-ions. Annexins also bind preferen- 
tially to the negatively charged phospholipid species. 
During the past decade a great deal of information 
about the structure and biological activity of Annexins 
has been elaborated without, however, solving the 
enigma of the (patho)physiological significance of the 
individual Annexin or the whole family. Most of the 
biological data on Annexins arise from in vitro studies 
and point to roles in interfacial processing occurring at 
or involving phospholipid membrane structures. These 
processes include membrane trafficking, modulation of 
membrane architecture, transmembrane transport of 
compounds, membrane receptor function, generation of 
membrane-derived second messengers, regulation of 
membrane-dependent enzymes, and so forth (for recent 
reviews see refs I and 2). 
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Since Annexins lack a secretory signal sequence they are 
supposed to be intracellular proteins and act as such. 
This concept fits very well with the Annexin structure 
and ability to bind to phospholipid, because the intra- 
cellular cytoplasmic environment is constitutively sur- 
rounded by phospholipid membrane leaflets bearing 
negatively charged phospholipid species. Some Annex- 
ins, like Annexin V, have, however, been reported to 
have extracellular localization. From the point of view 
of an Annexin the extracellular space is surrounded by 
membrane leaflets which are devoid of negatively 
charged phospholipids. What kind of functions can the 
extracellular Annexin fulfil if binding to negatively 
charged phospholipids is mandatory? Novel insights 
into the regulation of cell surface exposure of phos- 
phatidylserine (PS) shed light on this question and 
stimulate a line of reasoning embedding a (patho)- 
physiological significance of Annexins in the extracellu- 
lar space. This essay uses the paradigm of Annexin V to 
depict a concept and stimulate discussion and investiga- 
tions into the significance of the extracellular Annexin. 

Annexin V binding to phospholipid model membranes 

Annexin V is also known by various synonyms, indicat- 
ing widespread interest and reflecting its abundant pres- 
ence in the organism as well as its activity in diverse 
biological systems [3]. Annexin V was isolated from the 
human umbilical cord artery by virtue of its anticoagu- 
lant activity [4], which could be explained by its binding 
to negatively charged phosphohpids [5, 6]. In the pres- 
ence of Ca^"^, Annexin V binds to most phospholipid 
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species in model systems [5-9]. Whereas Annexin V 
hardly associates with phosphatidylcholine (PC) and 
sphingomyelin (at <5 mM Ca^^) [6] it binds with high 
affinity to negatively charged phosphoHpids like phos- 
phatidylserine (PS), probably because Annexin V bears 
a binding pocket specific for the phosphoserine head- 
group [10]. Binding to a PC model membrane contain- 
ing PS occurs with a Kd of less than 0.1 nM [5, 6]. Its 
interaction with the membrane is cooperative and de- 
pends on both the phospholipid composition and the 
Ca^-^ concentration [1 1]. The fraction of PS in such 
membranes, together with the Ca^'^ level, determines 
the number of Annexin V binding sites [6, 9]. Bound to 
the phospholipid surface Annexin V forms two-dimen- 
sional lattices, which are stabilized by protein-protein 
interactions [12, 13]. Probably, the first Annexin V 
molecule associates with its binding site comprising PS 
and acts as an initiator from which crystallization on 
the surface may proceed without the necessity for PS at 
high Ca^-^ levels [13]. Binding of Annexin V to phos- 
pholipid membrane is reversible and the rates of associ- 
ation and dissociation are very rapid, suggesting that 
Annexin V does not penetrate the membrane [6, 14]. 
Taking these data together, the following picture 
emerges: Annexin V associates rapidly and reversibly 
with PS-containing membranes under the influence of 
Ca2+. It then starts to crystallize two-dimensionally and 
may cover the whole phospholipid surface with triske- 
hons of Annexin molecules. This process depends on 
phospholipid composition and Ca^"^ level. 
Cells treat PS in a specific manner which has conse- 
quences for the perception of the (patho)physiological 
significance of Annexin V (see below). 

Phosphatidylserine localization and (patho)physiologica] 
significance 

Phosphatidylserine (PS) belongs to the aminophospho- 
lipids and carries a phosphoserine headgroup, which 
gives this phospholipid a negative charge at pH 7.4. As 
was first shown for erythrocytes and platelets, PS local- 
izes predominantly in those membrane leaflets facing 
the cytosol. It is now generally accepted that this PS as- 
ymmetry is ubiquitous. It is not a fixed situation but re- 
quires generation and maintenance. In 1984 Seignereut 
and Devaux demonstrated that the cell uses energy to 
generate and maintain the phosphohpid asymmetry of 
its membranes [15]. A model exists in which various 
membrane-associated proteins are directly responsible 
for the distribution of the phospholipid species between 
the two leaflets of the membrane [16]. These proteins, 
which have not yet been identified, transport PS from 
the outer to the inner leaflet (aminophospholipid 
translocase) or vice versa (floppase), or bidi recti on ally 
(scramblase) [17]. The aminophospholipid translocase 
selectively transports aminophospholipids whereas the 



floppase and scramblase exhibit less specificity and 
also translocate chohnephospholipids. Under viable 
and nonperturbing conditions the aminophospholipid 
translocase activity dominates by creating a situation in 
which PS is exclusively localized to the inner leaflets. 
Blood platelets were the first cells for which it was 
demonstrated that a pathophysiological change in PS 
iasymmetry is invoked by the action of agonists like 
thrombin and collagen [18, 19]. Stimulation of these 
cells results in a rise of cytosolic Ca^"*-, which causes on 
the one hand inhibition of the aminophosphohpid tran- 
slocase, and on the other hand activation of the scram- 
blase [20]. Within minutes the architecture of the 
plasma membrane is changed such that the cell exposes 
significant amounts of PS at its surface. Comparable 
mechanisms operate in erythrocyte membranes and the 
plasma membranes of nucleated cells [17]. Erythrocytes 
have Ca^"^ -controlled regulation of phospholipid asym- 
metry and show an age/density-dependent accumulation 
of PS in the outer leaflet of the plasma membrane 
[21]. As was demonstrated for the lymphocyte, the 
nucleated cell type exposes PS at its surface during 
apoptosis, which is a well-organized process of cell 
suicide [22]. It was demonstrated that during apoptosis 
by lymphocytes the aminophospholipid translocase is 
inhibited while concomitantly a scramblase is activated 
[23]. Obviously the cell uses energy to maintain its 
surface devoid of PS and as soon as termination of 
existence is preluded the cell transports PS to the outer 
leaflet of the plasma membrane with a speed that is 
orders of magnitude faster than the rate of passive 
diffusion of phospholipids between the membrane 
leaflets. Hence, the PS topology seems to be of major 
physiological importance under viable as well as dying 
conditions. 

The platelet plays an active role in coagulation if its PS 
asymmetry is perturbed by the action of agonists hke 
thrombin and collagen. The PS, which becomes surface- 
exposed, catalyzes reactions of the coagulation cascade 
[24]. The physiological significance of this phenomenon 
resides in the effects of accelerating and localizing 
thrombin formation at the site of the activated platelet. 
Thrombin generated at those sites exerts diverse hu- 
moral and cellular responses of the inflammatory and 
haemostatic system [25]. The physiological significance 
of adequate catalysis of thrombin formation, e.g. cell 
surface exposure of PS, is underscored by Scott syn- 
drome, which is characterized by an impaired Ca^"^ -in- 
duced phospholipid scrambling and a moderately severe 
bleeding disorder [26, 27]. 

Ageing of erythrocytes is associated with an accumula- 
tion of PS at the cell surface [21]. This surface-exposed 
PS triggers the reticuloendothelial system, which proba- 
bly carries an as yet unidentified receptor recognizing 
the PS ligand at the surface of blood cells [28], This 
mechanism scavenges aged cells from the circulation 
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and thereby prevents PS-exposing and hence procoagu- 
lant cells continuing to circulate in the blood. 
A similar mechanism of removal of unwanted cells 
operates in the tissues, where tissue macrophages recog- 
nize and engulf PS-exposing cells through receptor- 
mediated processes; Various tumour cells exhibit aber- 
rant phospholipid asymmetry with cell surface-exposed 
PS, which is recognized by monocyte-derived macro- 
phages [29]. Fadok and coworkers recognized that cell 
surface exposure of PS is connected with apoptosis, 
entailing recognition and engulfment of the dying cell 
by phagocytes [22]. Among other plasma membrane 
structures, cell surface-exposed PS appears to signal the 
termination of viability df the cell. This signal is picked 
up by phagocytes, probably through a receptor-ligand 
type of mechanism eliciting phagocytosis [30]. The func- 
tionality of this recognition-based removal of cells 
resides in the physiological need to prevent the dying 
cell from spilling its pro-inflanmfiatory contents into the 
environment. Studies employing Annexin V as a tool 
have revealed that a cell in apoptosis exposes PS at its 
surface well before plasma membrane integrity becomes 
compromized (see the section below). Hence, cell sur- 
face-exposed PS is physiologically employed to entomb 
the dying cell before it disintegrates and is able to 
provoke unnecessary inflammatory responses. 

Annexin V and cell surface-exposed PS, a revealing pas 
de deux of apoptosis 

Over the last five years apoptosis has enjoyed a steep 
increase of interest, mainly because it represents a new 
concept of how multicellular organisms from worms to 
mammals regulate their cell number. Paradoxically, this 
concept depicts this form of cell death to be crucial for 
life in many ways. It became clear that apoptosis is a 
process which is accurately orchestrated and organized 
inside the cell by gene products. It is now accepted that 
every cell type carries the machinery to commit suicide 
by apoptosis. The molecular biology and biochemistry 
of this death machinery are starting to be unravelled 
and already show great diversity in the various cell 
types and the manner in which apoptosis is induced. 
Beyond this diversity three functionally distinct phases 
of apoptosis can be distinguished [31, 32]. The initiation 
phase is the most heterogeneous one in which death-in- 
ducing signals like Fas ligand and tumour necrosis 
factor alpha (TNFa), a lack of growth and survival 
signals, or DNA damage may induce the cell to prepare 
for suicide. This preparation results in the activation of 
a more general effector phase, in which the cell is able 
to make the decision to die. This phase is characterized 
by the activation of proteases of the ICE/ICE-like fam- 
ily (the executioner), which form a cascade amplifying 
the death signals [33]. The death signals probably target 
the mitochondrion which subsequently releases the 



table 1. Ubiquity of cell surface exposure of PS during apoptosis. 



Cell type Apoptosis initiating stimulus 



Leukocytes 


Plasma membrane receptor/ligand 


neutrophil 


lack of growth factor 


1 lymphocyte 


Fas/Fas ligand interaction 


B lymphocyte 


TNFR/TNFa interaction 


monocyte 


Intracellular receptor/ligand - 


Tissue cells 


glucocorticoid 


endothelial cell 


Intracellular signalling 


smooth muscle cell 


C2-ceramide 


fibroblast 


staurosporine 


neuron 


olomoucine 


Tumours 


Macromolecular synthesis 


leukemic cell 


actinomycin D 


carcinoma cell 


cycloheximide 


Mouse tissue 


DNA 


all embryonic cell types 


etoposide 


Plant cells 


camptothecin 


Nicotiana plumbaginifolia 


UV irradiation 



apoptosis inducing factor (AIF), a protease which is 
inhibited by Z-VAD.fmk just like the ICE-hke 
proteases. This event marks the point of no return; the 
cell has entered the degradation phase in which "death" 
of cytoplasm and nucleus occurs by a thousand cuts, in 
a way that seems common to all cells [33, 34]. 
In 1992 Fadok and coworkers reported that apoptotic 
leukocytes expose PS at their surface, probably to serve 
the physiological need to remove the dying cell by 
phagocytosis [22]. At that time Annexin V was known 
as a PS-binding protein (see section above) and appreci- 
ated for its abihty to bind to PS-exposing cells like 
activated platelets [35] and ovarian tumour cells [36]. 
The publication of Fadok and coworkers triggered us to 
investigate the binding of Annexin V to apoptotic cells. 
Using leukocytes it was demonstrated that Annexin V 
exhibits low affinity for the cell surface of the leukocyte 
unless apoptosis is being executed [37-39]. Combina- 
tion of the vital dye propidium iodide with fluores- 
ceinated Annexin V revealed that the apoptotic cell 
generates Annexin V binding sites at its surface while 
maintaining the plasma membrane integrity [37-39]. 
Competition experiments using phospholipid vesicles 
demonstrated that the binding site for Annexin V on 
the apoptotic cell comprises PS [40]. The Annexin V 
assay to measure cell surface exposure of PS [41] rapidly 
increased our knowledge of the regulation of PS expo- 
sure during apoptosis. Apoptosis-associated cell surface 
exposure of PS happens during the effector phase, prob- 
ably downstream of the point where the mitochondrion 
gets involved [42] and releases AIF into the cytoplasm 
[43]. Indirect evidence for this notion comes from exper- 
iments with Bcl-2, which is an anti-apoptotic protein. 
Bcl-2 inhibits both the release of AIF from mitochon- 
dria [43] and cell surface PS-exposure of cells treated 
wnih pro-apoptotic agonists [40, 42, 44]. Studies with 
Jurkat cells showed that Fas-mediated apoptosis acti-' 
vates the executioner, which subsequently turns on the 
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machinery for exposing PS at the cell surface [44]. This 
PS-exposing machinery is probably a scramblase [23], 
which resides constitutively in the plasma membranes of 
the viable cell [44] as is the case for platelets and 
erythrocytes. As with platelets and erythrocytes, activa- 
tion of the scramblase during apoptosis does not require 
the involvement of the nucleus [42, 44]. Whether the 
scramblase of nucleated cells is identical to the scram- 
blase of platelets and erythrocytes remains to be shown. 
Using Annexin V it turned out that cell surface exposure 
of PS is a general phenomenon of apoptosis occurring in 
hemopoietic [40, 41] and tissue-embedded cells [45, 46] 
regardless of the initiating stimulus (table 1). This ubiq- 
uitous phenomenon also appeared to be part of apopto- 
sis in vivo, as was shown by van den Eijnde and 
coworkers by injecting Annexin V-Biotin into the blood- 
stream of living mouse embryos [47]. 
A recent study showed that plant cells expose PS at their 
cell surface during execution of apoptosis indicating 
that, just like apoptosis itself, the mechanism of regulat- 
ing PS asymmetry during life and death is conserved 
through evolution and is apparently an absolute neces- 
sity for multicellular life forms as we know them [48]. 

Annexin V, a potential regulator of the biological 
activity of PS on the surface of apoptotic cells 

Annexin V has been detected in extracellular space such 
as blood plasma [49, 50], seminal plasma [51], amniotic 
fluid [50] and cell conditioned medium [52, 53]. Since 
the prevailing Ca^"*- levels are around 1 mM, the pres- 



ence of Annexin V in the extracellular space implies that 
plasma membranes containing PS in their outer leaflet 
are covered by Annexin V if its concentration is in the 
nM range or higher. As has been shown in vitro for 
platelets [54], endothelial cells [55], and tumour cells [36, 
56] this binding to the PS membrane results in an 
inhibition of coagulation reactions, which depend on 
the catalytic activity of PS. 

In vivo the platelet is the classic provider of these 
catalytic sites for the coagulation system. The novel 
insights into the regulation of PS asymmetry by nucle- 
ated cells open up the possibility that cells in apoptosis 
express this platelet type of function in the coagulation 
cascade. Apoptotic cells indeed catalyze coagulation 
[22, 57]. Moreover this procoagulant activity of apop- 
totic cells is inhibited by Annexin V [57], indicating 
that, in vivo, extracellular Annexin V can regulate the 
catalytic activity of both providers and, consequently, 
regulates the participation of these cells in coagulation 
and inflammation [25]. Under physiological conditions 
apoptotic cells hardly play a role in those systems 
because of their efficient removal by phagocytes. Patho- 
logical conditions with a high incidence of apoptotic 
cells have been described [58]. In this case, the pheno- 
type of apoptosis, e.g. cell surface-exposed PS, may 
contribute to coagulation and inflammation and extra- 
cellular Annexin V may regulate this contribution (sum- 
marized in fig. 1). The Annexin V shielding of PS on the 
surface of apoptotic cells could produce an adverse 
effect since PS functions as a recognition signal for 
phagocytes. Phagocytes have developed redundancy in 



shielding of the 
pro-inflammatory and 
procoagulant 

TNF or phosphatidylserine 
Fas Ligand a 
^ - Annexin V i i 




executioner of apoptosis 

Figure 1. Schematic presentation of the regulation of PS asymmetry of the plasma membrane during life and death, and the role of 
Annexin V if PS (closed symbol) is exposed at the cell surface. For a detailed explanation see text. 
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the mechanisms by which they recognize dying cells 
[30]. Recently it was shown that Annexin V could not 
completely block phagocytosis of apoptotic bodies [46], 
indicating selective anticoagulant and anti-inflammai- 
tory potential of Annexin V in the interplay between 
PS-exposing cells and the extracellular environment. 
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Differential Apoptosis Gene Expression in Pediatric Tumors 

of the Kidney 

By Shigeru Takamizawa, Shinya Okamoto, Warren Bishop, Judy Wen, Ken Kimura, and Anthony Sandler 

Iowa City, Iowa 



Background/Purpose: Apoptosis, or programmed eel! death, 
is essentia! in maintaining normal homeostasis of tissues. 
The process of apoptosis is controlled by numerous pro- and 
antiapoptotic factors. Variations in expression of such factors 
may account for some variations in tumor behavior. This 
study evaluates the expression of apoptotic mRNA species in 
pediatric renal tumors to determine whether a pattem of 
differential apoptosis gene expression correlates with tumor 
grade and type. 

Methods: Twenty-five frozen tissue specimens were obtained 
from patients undergoing biopsy or resection of pediatric 
renal tumors before chemotherapy: Wilms' tumor stage 11 
(WT4I. n = 4); Wilms' tumor stage lll/IV {WT-III/IV. n = 4); clear 
cell sarcoma of the kidney stage Ift (CCSK, n = 2); rhabdoid 
tumor of the kidney stage III/IV (RTK, n = 4); and normal 
kidney {NK, n = 11). An RNase Protection Assay (RPA) was 
performed for 19 pro- and antiapoptotic mRNA species to 
detect and quantify expression (percentage of GAPDH ex- 
pressed). Expression of specific mRNAs of interest were 
confirmed by Western Blot (WB). 

Resufts: The expression of apoptotic mRNA species varied 
markedly between tumors. WT-II expressed greater amounts 



"ITIJILMS* TUMOR is the most conunon primary 
T T malignant renal tumor of childhood and accounts 
for 5% to 6% of all childhood cancers in the United 
States. The survival rate of Wilms' tumor stage II and 
stage ni/IV are 92.2% and 73%, respectively.^ Clear cell 
sarcoma of the kidney (CCSK) and rhabdoid tumor of the 
kidney (RTK) are other malignant pediatric renal tumors 
that show aggressive bdiavior and poor prognoses. The 
6-year relapse-free survival rate of CCSK is about 60%,^ 
and only 10% of patients with RTK survive despite 
aggressive antitumor therapy.^ 

Apoptosis, or prognunmed ceU death, is the process by 
which activated cells undergo a suicide program that 
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of proapoptotic receptor mRNA than CCSK or RTK. (Fas, 

17.0 ± 2.7% V 2.5 ± 0.5% v 3.3 ± 0.9%; P < .02; DR5, 77.0 ± 
8.8% V13.5 :t 0.5% v27.0 ± 4.8; P< .001; TNF-R, 71.3 ± 17.0% 
V 21.0 ± 4.0% V 29.0 ± 5.0%; P < .07, respectively). Surpris- 
ingly, antiapoptotic factors (eg, bc/-2 and bc^xl) were not 
overexpressed in poor prognostic tumors (CCSK, RTK) com- 
pared with those with good prognosis (WT). Expression of 
TRAIL (a ligand for DR4 and DR5) was significantly lower in 
CCSK and RTK than in normal kidney (9.5 ± 1.5% v 

56.1 ± 10.1%; P= .01). 

Conc/us/ons: Proapoptotic receptors are expressed at greater 
levels in good prognostic tumors, and this finding is compat- 
ible with their clinical behavior. Knowledge of differential 
apoptotic gene expression is of potential value in predicting 
prognosis and treating such tumors with targeted ligands. 
J Pediatr Surg 35:390-395. Copyright © 2000 by W.B, Sauti- 
ders Company. 

INDEX WORDS: Wilms' tumor, dear cell sarcoma of the 
kidney, rhabdoid tumor of the kidney, apoptosis, pediatric 
renal tumors. 



results in individual cell death. This is a highly orches- 
trated process in which cells neatly conunit suicide by 
destroying themselves in a regulated fashion. Apoptosis 
is a normal physiological process that occurs in the 
developing embryo as well as in mature animals during 
tissue turnover and during down-regulation of an immune 
response. Proper regulation of this process is essential for 
nonnal homeostasis and tissue development.*-^ An aberra- 
tion in the process of apoptosis may contribute to the 
pathogenesis of cancer. 

A depletion of proapoptotic (death) factors or an 
abundance of antiapoptotic (survival) mediators^ could 
result in failure of dividing cells to undergo apoptosis and 
contribute to tumorigenicily. Proapoptotic proteins such 
as Fas, Fas-L, TNFR, TRAIL, DR4, DR5. Bax, Bix, Bak, 
and Bcl-xs induce apoptosis by either signaling for the 
activation of proteolytic enzymes called caspases that 
destroy the cell, or by blocking inhibitors of apoptosis.* 
Antiapoptotic proteins such as Bcl-2, Bcl-xl, and mcl-1 
inhibit adapter molecules needed for activation of caspases 
during apoptosis and hence prolong cell survival.^ 

The balance between pro- and antiapoptotic genes may 
be critical to the behavior and survival of tumor cells. 

Journal of Pediatric Surgery, Vol 35, No 2 (February), 2000: pp 390-395 
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Variations in expression of such factors may account for 
some of the variations in tumor behavior observed 
clinically. This study evaluates the expression of apop- 
lotic mRNA species in pediatric renal tumors to deter- 
mine whether a pattern of differential apoptosis gene 
expression correlates with tumor stage and type. 

MATERIALS AND METHODS 

Tissue Collection 

TVenty-five frozen tissue kidney biopsy or resection specimens were 
obtained finom pediatric patients with rcnaJ tumors before chemotherapy 
at the University of Iowa Hospitals & Clinics and from the National 
Wilms Tumor Study Group (NWTSG) tissue bank. Tissue specimens 
were grouped according to clinical stage of disease and tumor type: 
Wihns* tumor stage U (WT-II, n ^ 4), Wihns* tumor stage IWIW (WT 
raw, n = 4). clear cell sarcoma stage IH (CCSK. n = 2), rhabdoid 
tumor of the kidney stage ni/TV (RTK, n = 4), and normal adjacent 
kidney (NK, n = 1 1). All protocols and tissues harvested were approved 
by our Institutional Review Board. 

RNase Protection Assay 

RNase Protection Assay (RPA) is a highly sensitive and specific 
procedure that allows for simultaneous detection and quantification of 
multiple mRNA species. RPA was used to detect and quantify 19 
different mRNA i^Kiptotic species expression with 2 human template 
probe sets, hApo-2 and hApo-3c. (The RiboQuant Multi-probe protec- 
tion assay system; Pharmingen, San Diego, CA). The probe set hApo-2 
includes 8 M-2-reIated gene templates including bcl~x\, bcl-xs, bft-\, 
bik, baK box, bcl-2, and mcM. The hApo-3c probe set includes M 
proapoptotic and tumor necrosis factor fanuly-related gene templates, 
namely, caspase-8. Fas-U Fas, DCRl, DR3, DR5, DR4, TRAIL, 
TNFRp55, TRADD, and RIP, 

After isolating RNA from the tissues of interest, the antisense RNA 
probe was hybridized in excess to target RNA in-solution. Free probe 
and nonhybridizcd single stranded RNA are digested with RNases, 
Phosphorus P32-Iabeled antisense RNA was transcribed using T7 RNA 
polymerase (Pharmingen) and (a-^^PJUTP (Amersham Life Science, 
England). Total RNA was extracted from tissue using TRIZOL (Gibco 
Life Technologies. MD). Fourteen to 16 pg of total RNA was hybridized 
with the 32p.iabelcd RNA probes, which were transcribed from hApo-2 
or hApo-3c muWprobes (DNA templates) at se^'C overnight, followed 
by digestion with a 1:417 dilution of RNase "cocktair* (RNase A:T1 
mixture; Pharmingen) for 45 minutes at 30°C Single-stranded and 
unhybridized excess mRNA was digested by the RNase cocktail. The 
protected double-stranded RNA pellets were dried and resuspcnded in 5 
nLof 1 X loading buffer (Pharmingen). and electrophoretically resolved 
on 5% polyacrylamide, 8 mol/L urea gel. The polyacrylamide-urca gel 
was dried on blotting paper for 1 hour at 80*C. The labeled probes were 
then quantified by autoradiography by exposing the blotting paper to 
BIO MAX FILM (Kodak, NY) with an intensifying screen (Kodak) for 
20 hours at80**C 

Radioanalytic Imaging 

For comparative analysis, we quantified mRNA species expression as 
a percentage of mRNAGAPDH expression. Radioactivity of each band 
in the sample was quantified, standardized, and compared with GAPDH 
expression of that sample. Radioactivity of each template was quanti- 
fied directly from the gel by a radioanalytic imaging system (AMBIS 
4000, AMBIS Inc, San Diego. CA) cqui^Jcd widi AMBIS q^jantProbc 
Software Version 3.0 for 1,000 minutes. Net counts were obtained from 
each template (band), including GAPDH, and the radioactive ratio of 
each mRNA to GAPDH was calculated. 



Western Blot for Fas Receptor Protein Expression 

The standard technique of Western Blot (WB) was perfonned.* 
Briefly, tissue lysate proteins from WT stage H (n = 2). RTK (n = 1), 
and NK (n = 2) were isolated by solubilizing in RIPA buffer (1 % Triton 
X-10, 1% Deoxycholate [DOC], 0,1% sodium dodecyl sulfate [SDS], 
50 mmol/LTris-HQ [pH 7.4], 150 mmol/LNaCl. 0.5 mmol/LNaSVO*, 
5 mmol/L EDTA), and protease inhibitors; leupeptin (20 pg/mL RJPA), 
phcnylmethylsulfonyl fluoride (PMSF 20 pg/mL RIPA). The protein 
content was equilibrated between samples by using the Lowiy protem 
assay to quantify protein isolated.' Subsequently. 120 pg of total protein 
from each specimen was electrophoretically resolved on SOS- 
containing 8% polyacrylamide gels. Separated proteins were then 
transferred to a nitrocellulose membrane at 210 mAmps for 4 hours. 
Membranes were blocked using 5% skim milk in THs-buffercd saline 
(TBS), supplemented with 0.1% Twcen-20 (TBS-T). overnight at 4**C. 
The nitrocellulose membrane was rinsed with TBS-T and incubated for 
1 hour at room temperature in a sealed bag with 1.0 pg/mL of the 
anrihuman Fas rabbit polyclonal antibody (Santa Cruz Biotechnology 
Inc, Santa Cruz. C A) in 5 mL of 5% dry milk in TBS-T Bound antibody 
was detected with a 1:2500 dilution of horseradish peroxidase (HRP> 
labeled goat antirabbit IgG secondary antibody (SIGMA, MO). Bands 
denoting Fas expression were viewed after developing on radiographic 
plates by enhanced cbemiluminescence (ECL; Amersham, Arlington 
Heights, IL), 

Data Analysis 

Percent gene expression was compared between the groups using 
one-way analysis of variance (ANOVA) for Fas, DR4, DR5, TNFR, 
TRAIL and Bcl-2, The square root transformation was applied to Fas 
and TNFK and the natural logarithm transformation was applied to 
Bcl-2 and TRAIL before analysis to stabilize the variance among the 
groups or to normalize the data distribution. A nonparametric test 
(Kniskal-Wallis test) was applied to Box and 5c/-xL because no suitable 
transformation was found. If the one-way ANOVA F-test or the 
Kniskal-Wallis test was significant, pairwise comparisons between the 
groups were performed. To adjust for the multiple tests, Bonferroni*s 
metfiod was used, and the adjusted P values less than .05 were 
considered statistically significant 

RESULTS 

To determine if an association between apoptosis 
genes and tumcM- stage and type existed, we categorized 
the apoptosis mRNA species studied into 2 groups, 
namely proapoptosis and antiapoptosis species. Compari- 
sons were made between the different tumor types and 
clinical stages of disease (WT II [n = 4] v WT m/IV 
[n - 4] V CCSK ni [n = 2] v RTK Ill/rV [n = 4] v NK 
[n = II]) and between groups of tumors (WT (n = 8] v 
CCSK/RTK [n = 6] V NK [n = 11]). 

Proapoptosis Genes 

Concerning the proapoptosis mRNA species, all 15 
(i»c/-xs. biK bak, box, caspase-8, Fas-L, Fas, DCRl, 
DR3, DR5, DR4, TRAIL, TNFRp55, TRADD, and RIP) 
were detected in all samples at different intensities (Fig 
1). Six species of interest reflecting the proapoptotic 
pathways were selected for statistical analysis based on 
their gross differences in expression (box. Fas, DR5, 
DR4, TRAIL, and TNFRp55), 
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Fig 1. Sample RPA of tissues evaluating proapoptotic (TNF related 
family) mRNA spades. The radloactivitY of each band (mRNA specie) 
Is calculated and quantified as a percent of GAPDH expressed. 




sion(71.3 ± 16.9%) compared with CCSK (21.0 ± 4.0%; 
P = .058) and RTK (29.0 ± 5.0%; P = .07), 

TRAIL The expression of TRAIL mRNA (proapop- 
totic ligand) was significantly lower in CCSK/RTK 
(9.5 ± 1^%) compared with NK (56.1 ± 10.1%; P = 
.01). Normal kidney adjacent to benign mesoblastic 
nephroma or normal kidney with unrelated disease had 
lower TRAIL expression (13.7 ± 3.7%) than normal kidney 
adjacOTt to CCSK and RTK (74.0 ± 13.0%; P = .02). 

Box. CCSK/RTK had greater expression of Bax 
(39.8 ± 6.7%) compared with NK (12.9 ± 2.0%; 
P = .003). WT-n (32.3 ± 5.4%; P = .049) and RTK 
(41.8 ± 10.2%; P = .009) had significantly greater ex- 
pression ofBax mRNA compared with NK( 12.9 ± 2.0%). 

DR4. Hiere was no difference in mRNA DR4 expres- 
sion. (WT stage H, 19.0 ± 2.1%; WT stage III/IV, 
15.8 ± 1.5%; CCSK, 6.0 ± 1%; RTK, 12.8 ± 3.0%; and 
NK, 13.8 ±2.1%; P = .l). 

In general, these results show that proapoptotic media- 
tors are more abundantly expressed in tumors with a 
better stage and prognosis. These findings imply that such 
tumors have the machinery in place that will allow for the 
process of apoptosis (Fig 2). 

Antiapoptosis Genes 

All 4 antiapoptosis gene mRNA species (Z?c/-xl, bflA^ 
bcl-2 and mcM) were detected in all samples at different 
intensities and of those, bcl-xi and bcl-1 were compared 
(Fig 3). 

bcl-2. Surprisingly, this inhibitor of apoptosis was 
expressed at significantly lower levels in poor prognostic 
tumors (CCSK/RTK 8.5 ±2.1%) compared with NK 
(14.5 ±0.5%; F=.03). RTK also had significantly 
lower expression of bcl-2 mRNA (5.3 ± 0.9%) compared 
with WT II (15.0 ±3,6%; P = .02), WT III/IV 



Fas, WT stage II/III/IV showed greater expression 
(13.1 ± 2.8%) compared widi CCSK/RTK (3.0 ± 0.6%; 
P = .01) and tended to be greater than NK (5.6 ± 0.9%; 
P = .09). WT-Il, had the greatest expression of Fas 
mRNA (17.0 ± 2.7%) compared with WT III/IV 
(9.3 ± 4.3%; P - ,2), CCSK (2.5 ± 0.5%; P = .015), 
RTK (3.3 ± 0.9%; P = .004) and NK (5.6 ± 0.9%;' 
P = .008). 

DR5. WT stage II/III/IV expressed greater amounts 
(59.1 ± 8.1%) compared with CCSK/RTK (22.5 ± 4.2%; 
P = .008) and NK (25.8 ± 4.3%; P = .004). WT-n had 
the greatest expression of DR5 mRNA (77.0 ± 8.8%) 
compared with WT-III/TV (41.3 ± 3.6%; P=.019), 
CCSK (13.5 ± 0;5%; P = .0003), RTK (27.0 ± 4.8%; 
P = .0005) and NK (25.8 ± 4.3%; P < .0001). 

TNFRp55. WT-II tended to have the greatest expres- 




Fas DR5 TNF-R 



Fig 2. Differences in Fas, DR5 and TNF41 mRNA expression in 
normal kidney (Normal), Wilms* tumor Stage II (Will), aear cell 
Sarcoma Stage HI (CCSK), and Rhabdoid tumor of the kidney stage 
III/IV {HTK). Note that in each case, WT has the greatest expression of 
the mRNA of Interest 
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Rg 3. Sample RNasa Protection Assay (RRA) of tissues evaluating 
bc#-2-f-e(ated famity mRNA species. The radioactivity of each band 
(mRNA specie) fs calculated and quantified as a percent of GAf^DH 
expressed. 

(13.8 ± 2.3%; F = .024), CCSK (15.0 0.%; P = .04), 
and NK (14.5 ± 0.5%; P = .001). 

bcl'xL There was no difference in 6c/-xl mRNA 
expression between the various stages or type of renal 
tumors (P = .2). The lower expression of the antiapop- 
tadc factor Bcl-2 in RTK (which carries the worst prognosis) 
was initially surprising considering previous literature 
reports.*** However, in the absence of significant levels of 
proapoptotic geiie expression, the need for abundant 
expression of antiapoptotic factors may be redundant. 

Western Blot for Fas and Bcl-xi Proteins 

To determine if greater mRNA expression delected by 
RPA translated into greater protein expression, we selec- 



tively performed WB of Fas expression from NK, WTII, 
and RTK. WB showed a positive Fas band at 45 kDa in 
Win, vAndh was far brighter than expression in NK or RTK, 
This helped in verifying the accuracy of BPA analysis (Fig 4). 

DISCUSSION 

Apoptosis gene expression may contribute to the 
viability of tumors and may account for their varied 
clinical behavior. If such a concept were true, predicting 
the prognosis of tumors would be dependent on their 
biology, and treatment could be tailored to block or 
stimulate specific apoptotic factors of interest. The cur- 
rent study was undertaken to explore whether variations 
in apoptotic gene expression correlate with stage and type 
of pediatric renal tumors. 

Despite the relatively small numbers in this study, it 
was clear that WT-stage II (in general a good prognostic 
tumor) expressed proapoptotic mRNA species more 
abundantly than CCSK or RTK, 2 tumors of worse 
prognosis. Specifically, Fas, DR5 and TNF-R, represent- 
ing a family of "death receptors," were all expressed at 
greater levels in Wilms' tumor stage H. These cell surface 
receptor proteins bind to specific ligands (Fas-L, TRAIL, 
and TNF, respectively) that induce activation of proteo- 
lytic enzymes called caspases. The caspase cascade 
disassembles and ultimately destroys the cell* Relating 
prognosis to expression of proapoptotic receptors is an 
appealing theory, because both cytotoxic T lymphocytes 
(CTL) and natural killer (NK) immune surveillance cells 
use such ligands for killing of target cells. Further- 
more, TNFR-1, Fas, DR3, and DR4 are activated on 
overexpression in a ligand-independent manner and may 
spontaneously induce apoptosis.*^ ** 

The mRNA of DR5 is detected in several normal 
human tissues, and the amount of DR5 transcription is 
reported to be 100-fold more in most tumor cell lines than 
in normal tissues.*^ The expression of DR4 or DR5 in 
tumors of poor prognosis was no different to that of 
normal kidney in the current study, whereas expression of 
DR5 in WT n was about 3-fold greater. The ligand for 
DR4 and DR5 (TRAIL, TNF related apoptosis-inducing 
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Fig 4. Western Blot (WB) analysis of selected samples looking at 
Fas protein expression. The differential expression of protein de- 
tected by WB correlated with the differential expression of mRNA 
detected by RPA. Note the absence of Fas bands in the normal kidney 
(NK) and rttabdold tumor of the kidney (RTK) lanes, with bright bands 
in the Wilms tumor stage II (WTII) lanes. This observation verifies the 
accuracy of RPA results. 
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ligand) is shown to induce killing of several tumor cell 
lines, thus expression of these receptors may have 
therapeutic implications.'^ 

The balance between expression of apoptosis-inducing 
receptors and their ligands may regulate cell susceptibil- 
ity to undergoing apoptosis.^' We have shown that 
overexpression of Fas-L induces apoptosis in Fas- 
expressing HepG2/C3A hepatoblastoma cell Unes by 
inducing cell suicide (Unpublished data). Fas-L was 
barely detectable in any of the tumor specimens exam- 
ined, thus, this suicide effect is probably inconsequential. 
However, TRAIL, along with its receptors, was ex- 
pressed in many of the tumors at relatively high levels. 
The balance between TRAIL and DR4/DR5 receptors 
potentially could have a regulatory effect on apoptosis in 
these tumors. It is of interest to note that normal kidney 
had a nearly 10-fold greater expression of TRAIL than 
adjacent CCSK or RTK. Although purely conjecniral, this 
phenomenon may be a defensi ve response of the normal 
kidney to invasion of the adjacent tumor. Comparatively 
high levels of expression were not seen in normal kidney 
biopsied from unrelated disease or when benign mesoblas- 
tic nephroma was die adjacent tumor. 

Bcl-2 and Bcl-xL are antiapoptosis proteins localized 
to the outer mitochondrial membrane, endoplasmic retic- 
ulum, and nuclear membranes of cells. These factors 
suppress apoptosis and allow proliferation and prolonged 
survival that may explain tumor cell viabUity. Although 
bcl-2 is one of the most noted antiapoptosis genes, the 
correlation between 6c/-2 overexpression and tumor 
behavior is uncertain. Conflicting studies are reported in 
neuroblastoma, a childhood malignancy of neurogenic 
origin. Overexpression of bci-l is said to correlate with 
tumor progression, poor prognosis, and unfavorable 
histology,'**^ whereas another study suggests that bcl~2 
expression is associated witfi favorable histology.^! De- 
spite these reports, the expression of bcl'2 or bci-xL 
mRNA did not show any correlation between renal nimor 



type, stage of disease or normal kidney in our study. The 
lower expression of the antiapoptotic factor Bcl-2 in RTK 
(which carries the worst prognosis) seems inconsistent, 
but in the absence of significant levels of pro^xjptotic 
gene expression, the need for abundant expression of 
antiapoptotic factors may be redundant 

Proapoptosis (Jbax, bik, bak and bcl-xs) and antiapopto- 
sis {bcl-2, bcl-xl, bfl-l, mcl-l) activity is different among 
bcl-2 gene-related family members.^ However, there was 
no association between the ratio of pro- to antiapoptotic 
^c/-2-^lated mRNA species in the tumors studied. Bcl-2 
inhibits apoptosis induced by the tumor suppressor gene 
p5J.^'2^ Consequently, the role of bcl-2 in such tumors 
carmot be con^)letely imderstood without studying the 
associated expression of p53. 

To determine whether differences in mRNA expression 
detected by RPA translated into differences in actual 
protein expression, we examined Fas protein expression 
by WB and compared its expression witii RPA results for 
several tumors and normal kidney. The differences noted 
between tumors and normal tissue by RPA were con- 
firmed in that we found Fas followed the same differential 
pattern of protein expression. This finding helped verify 
the accuracy of the results obtained by RPA analysis. 

In general, these findings show that proapoptosis genes 
are expressed at greatest levels in good prognostic renal 
tumors, whereas expression is less in normal kidney and 
lowest in poor prognostic tumors. This suggests that good 
prognostic tumors may readily undergo apoptosis, whereas 
diminished expression of apoptosis genes in normal 
mature tissue may reflect a state of senescence. Poor 
prognostic tumors are rapidly proliferating, independent 
of proapoptotic mediators. 
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One critical step of the apoptotic process is the open- 
ing of the mitochondrial permeability transition (PT) 
pore leading to the disruption of mitochondrial mem- 
brane integrity and to the dissipation of the inner 
transmembrane proton gradient (A^^). The mito- 
chondrial PT pore is a polyprotein structure which is 
inhibited by the apoptosis-inhibitory oncoprotein 
Bcl-2 and which is closely associated with the mito- 
chondrial benzodiazepine receptor (mBzR). Here we 
show that PK11195, a prototypic Hgand of the I8-kDa 
mBzR, facilitates the induction of disruption and 
subsequent apoptosis by a number of different agents, 
including agonists of the glucocorticoid receptor, 
chemotherapeutic agents (etoposide, doxorubicin), 
gamma irradiation, and the proapoptotic second mes- 
senger ceramide. Whereas PK11195 itself has no cyto- 
toxic effect, it enhances apoptosis induction by these 
agents. This effect is not observed for benzodiazepine 
diazepam, whose binding site in the mBzR differs from 
PK11195. PK11195 partially reverses Bcl-2 mediated 
inhibition of apoptosis in two different cell lines. Thus, 
transfection-enforced Bcl-2 overexpression confers 
protection against glucocorticoids and chemothera- 
peutic agents, and this protection is largely reversed 
by the addition of PK11195. This effect is observed at 
the level of dissipation as well as at the level of 
nuclear apoptosis. To gain insights into the site of 
action of PK11I95, we performed experiments on iso- 
lated organeUes. PK11195 reverses the Bcl-2-mediated 
mitochondrial retention of apoptogenic factors which 
cause isolated nuclei to undergo apoptosis in a ceU- 
free system. Mitochondria from control ceUs, but not 
mitochondria from Bcl-2-overexpressing cells, readily 
release such apoptogenic factors in response to atrac- 
tyloside, a ligand of the adenme nucleotide transloca- 
tor. However, control and Bcl-2-overexpressing mito- 
chondria respond equally well to a combination of 
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To whom correspondence and reprint requests should be ad- 
dressed at 19 rue Guy Moquet, B.P. 8, F-94801 Villejuif. France. Fax* 
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atractyloside and PK11195. Altogether, these findings 
indicate that PK11195 abolishes apoptosis inhibition 
by Bcl-2 via a direct effect on mitochondria. Moreover, 
they suggest a novel strategy for enhancing the sus- 
ceptibility of cells to apoptosis induction and, concom- 
itantly, for reversing Bcl-2-mediated cytoprotection. 

© 1998 Academic Press 

Key Words: mitochondrial transmembrane potential; 
permeability transition; programmed cell death. 



INTRODUCTION 

The mitochondrial permeabihty transition (PT)^ 
pore, also called megachannel or multiple conductance 
channel, participates in the regulation of matrix Ca^"^, 
pH, A^j^, and volume and functions as a Ca^"^-, volt- 
age-, pH-, and redox-gated channel with several levels 
of conductance and httle if any ion selectivity [1-4]. 
Recent evidence suggests that opening of the PT pore, 
which is regulated by Bcl-2, is a critical event in the 
process leading to apoptosis [5, 6]. Opening of the PT 
pore can cause the dissipation of the inner mitochon- 
drial transmembrane potential (A^^) and culminates 
in the disruption of outer membrane integrity leading 
to the liberation of intermembrane proteins from the 
mitochondrion [7-10]. Indeed, the liberation of inter- 
membrane proteins such as C3i;ochrome c and/or the 
dissipation of the A^^^ are common events of early 
apoptosis (5, 6, 11-14]. Depending on the experimental 
system and the cell type, an increase in the matrix 
volume causing physical disruption of the outer mito- 
chondrial membrane precedes the dissipation of the 
A^^ [12, 13, 15] or both the disruption of the outer 
membrane and the dissipation of the inner membrane 

^ Abbreviations used: A^^, mitochondrial transmembrane potential; 
DiOCgts), 3,3'-dihexyloxacaiix)cyanine iodide; Eth, etJiidium; HE, hydro- 
ethidine; mBzR, mitochondral benzodiazepin receptor; PK11195, l-(2- 
chlorophenyl>iV-methyl-A^-(l-methylpropyl)-3-isoquinoline-carboxam- 
ide; PS, phosphatidylserine; PT, permeability transition; ROS, reactive 
oxygen species. 
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A^jn occur in a near-to-simultaneous fashion [7, 8], On 
theoretical grounds [1-4], both the increase in matrix 
volume preceding A^^^ reduction and the dissipation of 
the A^jn may be mediated by opening of the PT pore, 
which can operate at a reversible low conductance level 
(which would cause a net inflow of ions and water into 
the mitochondrial matrix) and at an irreversible high 
conductance level (which would lead to A^^j disrup- 
tion). 

The PT pore is a multiprotein complex formed at the 
contact site between the mitochondrial inner and outer 
membranes, exactly at the same localization at which 
the oncoprotein Bcl-2 is particularly abundant [16]. Its 
pharmacological inhibition prevents apoptosis in a 
number of different models [5, 6, 17], whereas opening 
of the PT pore induces apoptosis [18-21]. The exact 
molecular composition of the pore is not known, al- 
though proteins from the cj^osol (hexoldnase), the 
outer membrane [mitochondrial benzodiazepine recep- 
tor (mBzR); mitochondrial porin, also called voltage- 
dependent anion channel], the intermembrane space 
(creatine kinase), the inner membrane (adenine nucle- 
otide translocator, ANT), and the matrix (cyclophilin 
D) have been implicated in PT pore formation and/or 
regulation [1, 22-27]. In accord with its complex com- 
posite architecture, the PT pore is regulated by multi- 
ple endogenous effectors including local ion and pH 
gradients, ADP/ATP, NAD(P)H, and proapoptotic sig- 
nal transduction molecules such as Ca^"^ or reactive 
oxygen species [1-4, 26, 27]. Moreover, several of the 
components in the PT pore may constitute pharmaco- 
logical targets for apoptosis modulation [5, 6, 17]. 

Based on these considerations, we decided to inves- 
tigate the apoptosis-modulatory effect of l-(2-chloro- 
phenyl)-iV-methyl-Ar-(l-methylpropyl)-3-isoquinolin- 
ecarboxamide (PK11195), a prototypic ligand of the 
18-kDa mBzR, which is one of the molecules associat- 
ing with the PT pore complex [23, 24]. Here we show 
that PK11195, which itself is not toxic, facilitates the 
induction of apoptosis by a number of different stimuli. 
More importantly, we report that PK11195 can reverse 
apoptosis inhibition by Bcl-2. 

MATERIALS AND METHODS 

Cells and culture conditions. Thymocytes from 4- to 6-week-old 
Balb/c mice, 2B4.11 T cell hybridoma cell lines stably transfected 
with a SFFV.neo vector containing the human bcl-2 gene or the 
neomycin resistance gene (Neo) only [281 (kindly provided by 
J. Ashwell, NIH, Bethesda, MA), -5 ceil leukemia WEHI231 trans- 
fected with the human bcl-2 gene or a control Neo vector (29] (gift 
from C. Martmez-A., National Center of Biotechnology, Madrid, 
Spain), or human CEM-C7.H2 T lymphoblastic leukemia cells 1301 
(gift from R. Kofier, University of Innsbruck, Austria) were cultured 
in RPMI 1640 supplemented with 10% FCS, antibiotics, and L- 
glutamine. 

Induction of apoptosis. Cells (5-10 X 10^/ml) were cultured in the 
presence of the indicated amoimt of PK11195, diazepam (Sigma), 



dexamethazone (1 /aM, Sigma), RU24858 (1 fxM, synthesized by 
Roussel Uclaf) (311, the glucocorticoid receptor antagonist RU38486 
(1 fxM, Roussel UclaO, doxorubicin (1 ^g/ml; Pharmacia), etoposide 
dp fiM/ml; Sigma), cyclosporin A (10 pM; Sandoz), or Cg ceramide 
(25 pM; Biomol, Plymouth Meeting, PA) or treated by gamma irra- 
diation (10 Gy). Afl^r the indicated interval, cells were recovered and 
tested for apoptosis-associated features. 

Cytofluorometric quantitation of apoptosis-associated parameters in 
intact cells. Following published protocols [18, 32, 33], the following 
fluorochromes were employed to determine different apoptosis-associ- 
ated changes: 3,3'-dihexyloxacarbocyanine iodide (DiOC6(3), 20 nM) for 
determination; hydroethidine (HE, 4 /iM) for the determination of 
superoxide anion generation; or annexin V-FITC conjugates (1 /Ag/ml; 
Nexins Research, Hoeven, The Netherlands) for determination of phos- 
phatidylserine (PS) exposure on the outer plasma membrane. The fre- 
quency of hypoploid cells was determined by propidiiun iodide (PI) 
staining of ethanol-permeabilized cells. 

Cell- free system of apoptosis. Mitochondria from 2B4.11 T cell 
hybridoma cell lines were purified on a Percoll (Pharmacia, Uppsala, 
Sweden) gradient [341 and were resuspended in CFS buifer: 220 mM 
mannitol; 68 mM sucrose, 2 mM NaCl, 2.5 mM PO^HgK, 0.5 mM 
EGTA, 2 mM MgClg, 5 mM pjn^vate, 0.1 mM phenylmethylsulfonyl 
fluoride (PMSF), 1 mM dithiotreitol, 10 mM Hepes-NaOH, pH 7.4, 
as described [7, 8]. Mitochondria from 5 X 10^ cells were incubated in 
a total volume of 15 /im CFS buffer in the presence or absence of 
atractyloside (5 mM; Sigma), tert-butylhydroperoxide (i-BHP; 300 
/jlM; Sigma), PK11195 (1 ^M), cyclosporin A (10 pM\ and/or 
bongkrekic acid (BA; 25 ^itM; kindly provided by Dr. Hans J. Duine, 
Delft University, Delft, The Netherlands) for 30 min at 4°C, followed 
by spinning down of mitochondria (5 X 10^ g; 20 min) and recovery 
of the supernatant and ultracentrifugation (1.5 x 10^ g, 1 h, 4**C). 
HeLa cell nuclei (10^ nuclei//xl) purified on a sucrose gradient ' [35] 
were incubated for 90 min in the presence of mitochondrial super- 
natant, stained with PI (10 pg/ml; Sigma; minimum 5 min at room 
temperature), and analyzed in an Epics Profile II cytofluoronieter 
(Coulter, Hialeah, FL) to assess the frequency of hypoploid nuclei, as 
described [36]. 

Experimental design and statistical analysis. All experiments 
were performed at least three times 3delding similar results, and 
typical results are shown. Statistical significance was calculated 
using the paired Student's t test. 

RESULTS AND DISCUSSION 

PKl 1195 facilitates the induction of apoptosis by a 
variety of stimuli, PK11195 is the prototjrpic ligand of 
the 18-kDa subunit of the mBzR [23, 37-39]. Up to 
doses of 50 to 100 /xM, PKl 1195 had no toxic effects on 
a variety of cell types including thjnnocytes (Fig. 1), 
acute T cell leukemia CEM-C7 cells (Fig. 2), 2B4.11 T 
cell hybridoma cell (Fig. 3), and WEHI231 B cell leu- 
kemia cells (Fig. 4). As shown in Fig. 1, a dose of 
cell-permeable C8 ceramide which itself did not induce 
thymoc3^e apoptosis (25 /xM) did become apoptogenic 
in the presence of the isoquinoline carboxamide 
PKl 1195. In contrast, the benzodiazepine diazepam, a 
molecule which binds to another subunit of the mBzR 
[23] or to another binding site within the same mole- 
cules [40], had no major coapoptogenic effect (Figs. 1, 3, 
and 4). Among the different mBzR ligands which we 
have tested, PKl 1195 was the most efficient coinducer 
of apoptosis (relative potency: PK11195 > 4'-chlordi- 
azepam > diazepam > Ro-5-4864; not shown), corre- 
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lating with its antagonist potential on neuromuscular 
transmission [41, 42]. Synergic effects with PK11195 
extended to a variety of different apoptosis inducers 
including the topoisomerase II inhibitor etoposide (Fig. 
2), gamma irradiation (Fig. 4), the intercalating agent 
doxorubicin (Fig. 4), and, in the case of WEHI231 cells, 
cyclosporin A (Fig. 4). The apoptosis-inducing effect of 
cyclosporin A is probably linked to its immunosuppres- 
sive function, because a nonimmunosuppressive cyclo- 



sporine A derivative (which still binds and inhibits 
mitochondrial cyclophilin D) does not induce apoptosis, 
neither alone, nor in combination with PKl 1195 (Ref 
[43] and data not shown). In addition, PKl 1195 (but 
not diazepam) facilitated the induction of apoptosis by 
glucocorticoid receptor agonists including dexametha- 
sone (Fig. 2) and the prototypic "dissociated" glucocor- 
ticoid receptor agonist RU24858 (Fig. 2), an agent that 
has lost its transactivating function yet preserves its 




00 f- oo 



H J^^lfi; ^^\nw(^^H^o^^^^^^ induction in CEM-C7 acute T cell leukemia cells. Cells were cultured with 10 uM etoposide 1 uM 

i^^il^t^^^ ^^^'^'^ ^^^^ -^-^^ P-*^^' by detenninatfolfTe fr^^^^^^ 

f s?ScaLu^^^^^ (HE->Eth)-^, and hypoploid cells as described under Materials and Methods. Asterisks in'dicati 
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FIG. 3. PK11195 reverses Bcl-2-mediated cytoprotection in T ceil hybridoma ceils. 2B4.11 T cell hybridoma cell lines stably transfected 
witli a SFFV.neo vector containing the human bcl-2 gene (B) or the neomycin resistance gene (Neo) only (A) were cultured for 12 h in the 
presence of dexamethasone (1 /xM), PK11195 (50 /xM), and/or diazepam (50 ^M), followed by determination of the indicated apoptosis- 
associated parameters. Numbers in black circles indicate the frequency of subdiploid cells. Tlie synergistic effect of PK11195+DEX was 
highly significative (P<0.01) compared to controls treated with DEX or PK11195 alone. Similar results are obtained when etoposide instead 
of dexamethasone is used as apoptosis indiicer. 



transrepressive gene-regulatory activity [31]. As to be 
expected, no effect of the glucocorticoid receptor antag- 
onist RU38486 was revealed by PK11195 (Fig. 2). In 
conclusion, PK11195 facilitates the induction of apop- 
tosis in response to a wide array of agents and in very 
different cell types, including primary cells (Fig. 1) and 
transformed cells lines of human and murine origin 
(Figs. 2-4). 

PK11195 facilitates the induction of both mitochon- 
drial and postmitochondrial changes associated with 
apoptosis. The synergism between PK11195 and sev- 
eral proapoptotic agents extended to all hallmarks of 
apoptosis, namely, the early loss of the mitochondrial 
transmembrane potential (measured by meems of the 
potential-sensitive dye DiOCgO)), the increase in the 
generation of reactive oxygen species (measured by the 
superoxide anion-driven conversion of hydroethidine 
into ethidium; Figs. 1-4), the aberrant exposure of 
phosphatidylserine residues on the plasma mem- 
brane surface (measured by means of FITC-Annexin V 
conjugate; Fig. 1), and nuclear DNA fragmentation 
(hypoploidy determined by propidium iodine staining 
of ethanol-fixed cells; Figs. 2-4). These findings are 
compatible with the idea that PK11195 acts on a mi- 
tochondrial target to facilitate apoptosis induction [19] 
and confirm the strong association between mitochon- 
drial, redox, plasma membrane, and nuclear features 
of apoptosis. 



PK11195 partially reverses Bcl-2 -mediated apoptosis 
inhibition in several different cell lines, Bcl-2 has cy- 
toprotective effects with a wide spectrum of activities 
[6, 43]. Thus, transfection enforced Bcl-2 overexpres- 
sion largely prevented the A^^^ disruption, superoxide 
anion production, and nuclear apoptosis induced by 
dexamethasone in T cell hybridoma cells (Fig. 3). 
Again, the simultaneous treatment with PK11195 had 
a hyperadditive apoptosis-facilitating effect, even in 
the presence of Bcl-2. Thus, PK11195 restored apopto- 
sis induction in Bcl-2-overexpressing cells at least par- 
tially. This effect has been observed in two different 
cell types, namely, 2B4.11 T cell hybridoma ceils (Fig. 
3B) and WEHI231 B cell leukemia cells (Fig. 4B). 
PK11195 largely reversed the Bcl-2-conferred protec- 
tion against glucocorticoids (Fig. 3B), gamma irradia- 
tion, doxorubicin, cyclosporin A (Fig. 4B), and etopo- 
side (not shown). TTiis effect is again observed at the 
levels of the mitochondrion, cellular redox potentials, 
and the nucleus (Figs. 3 and 4). 

PK11195 reverses the Bcl-2'mediated block of apopto- 
sis induction in a cell-free system. Bcl-2 stabilizes the 
mitochondrial membrane barrier function via a direct 
local effect [7, 8, 12-15]. Thus, as previously described 
[7, 8], isolated mitochondria from Bcl-2-overexpressing 
cells failed to release apoptogenic factors when they 
were incubated for 10 min in the presence of atractylo- 
side, a ligand of the adenine nucleotide translocator [7] 
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FIG. 4. PK11195 enhances apoptosis susceptibility in WEHI 231 B cell leukemia cells overexpressing Bcl-2. WEHI 231 cells transfected 
with a neomycin control vector (Neo, A) or the human bcl-2 gene (B) were treated with gamma irradiation, doxorubicine (doxo), or cyclosporin 
A tCsA), alone or m combmation with PKin95 (40 mM) or diazepam (40 ^M), followed by cytofluorometric determination of the indicated 
parameters. Astensks indicate significant (P<0.001) effects of PK11195, 



(Fig. 5A). Control mitochondria treated with atractylo- 
side readily released apoptogenic factors, as quantified 
by an in vitro assay in which isolated nulei are induced 
to undergo DNA fragmentation and to become hypo- 
ploid (Fig. 5A). PK11195 alone had no effect on isolated 
mitochondria (Fig. 5) nor did if affect the structure of 
isolated nuclei (not shown). PK11195 did not enhance 
the effect of atractyloside in control mitochondria 
(which is probably already optimal, Ref. [7]) from Neo- 
transfected cells. 

In strict contrast to the data obtained with mito- 
chondria from Neo-transfected cells, the combination 
of PK11195 and atractyloside but neither of these 
agents alone induced the release of apoptogenic factors 
from mitochondria purified from Bcl-2-transfected cells. 
Together, PK11195 and atractyloside were equally ef- 
ficient in releasing apoptogenic factors from Bcl-2-over- 



expressing and control mitochondria (Fig. 5A). Thus, 
PK11195 can overcome the resistance of Bcl-2-over- 
expressing mitochondria to the release of apopto- 
genic factors induced by atractyloside (Fig. 5A) or the 
prooxidant ^e^^butylhydroperoxide (Fig. 5B). Atrac- 
tyloside and ^cr^-butylhydroperoxide act on mito- 
chondria to open the PT pore [11, and this effect is 
thought to account for the release of apoptogenic 
factors [71. To understand the mechanism of the 
PK11195-facilitated liberation of apoptogenic fac- 
tors, we therefore determined the effect of two inhib- 
itors of the PT pore, cyclosporin A and bongkrekic 
acid (Fig. 5b). Either of these two agents abolishes 
the effect of PK11195+atractyloside or that of 
PK11195+^-BHP on mitochondria from Bcl-2-over- 
expressing cells (Fig. 5B). Altogether, these results 
indicate that (i) PK11195 neutralizes the capacity of 
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FIG. 5. PK11195 overcomes the Bcl-2-mediated mitochondrial retention of apoptogenic factors. (A) Effect of PK11195 and Atr on 
mitochondria from 2B4.11 T cell hybridoma cells expressing the human bcl-2 gene or the control vector (Neo). Isolated mitochondria were 
incubated for 30 min in the presence of atractyloside (5 mM) and/or PK11195 (1 fjM). The supernatant of mitochondria was then added to 
purified HeLa nuclei. After a culture period of 90 min the percentage of hypoloid nuclei was determined by PI staining and c3^fiuorometric 
analysis. The background value of isolated nuclei cultured in the absence of mitochondrial supematants was 22 ± 2%. (B) Effect of different 
agents on mitochondria purified from Bcl-2-overexpressing cells. Isolated mitochondria were incubated with the indicated combination of 
atractyloside (Atr), ^e/t-butylhydroperoxide (i-BHP), PK11195, cyclosporin A (CsA), and/or bongkrekic acid (BA). Inhibitors (CsA. BA) were 
added 5 mm before inducers (Atr, i-BHP, PK11195). The apoptogenic activity contained in the supematants of mitochondria was then tested 
on purified HeLa nuclei as in A. Background values were subtracted from experimental values. 



Bcl-2 to retain apoptogenic factors in isolated mito- 
chondria and (ii) it acts on PT pores to facilitate 
apoptosis induction. 

Concluding remarks. In this work we describe a 
novel strategy for enhancing the susceptibility of cells 
to the induction of apoptosis. PK11195, a specific li- 
gand of the 18-kDa mBzR, facilitated the induction of 
A'^^nj disruption by a variety of different apoptosis trig- 
gers, including DNA damage (gamma irradiation, eto- 
poside, doxorubicin), ligation of the glucocorticoid re- 
ceptor (dexamethasone, RU24858), and the proapoptotic 
second messenger ceramide. Concomitantly, it enhanced 
the induction of classical signs of apoptosis such as phos- 
phatidylserine exposure on the cell surface and nuclear 
DNA fragmentation. The mBzR has been previously 
shown to interact with a number of proteins involved in 



the formation and/or regulation of the PT pore complex 
[23, 24]. Moreover, the PKm95 has been shown to facil- 
itate PT pore opening induced by tumor necrosis factor 
(TNF-a) in L929 cells [44]. In that model, TNF induces 
necrosis [45], and necrosis induction is enhanced by 
PK11195 [44]. In contrast, we show here that PK11195 
can faciUtate the induction of apoptosis, correlating with 
the induction of PT pore-mediated A'iT^ dissipation. 
These findings add to the notion that PT pore opening 
may be a rate-limiting step of any type of cell death 
(apoptosis and necrosis) [5] and that postmitochondrial 
events culminating in the activation of catabolic enzymes 
(caspases, noncaspase proteases, nucleases) and/or the 
availability of extramitochondrial ATP sources dictate 
the modahty of cell death [21, 46, 47]. 
Bcl-2 is the prototypic representative of an apopto- 
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sis-inhibitory oncogene family which contributes both 
to the genesis of cancer and to the difficulties in treat- 
ing it. Most of the cytoprotective effect of Bcl-2 may be 
attributed to its capacity to protect the integrity of 
mitochondrial membranes [6-8, 12, 13, 43, 48, 49]. We 
have shown that Bcl-2 stabilizes mitochondrial mem- 
branes in a variety of different models of apoptosis [32, 
43]. However, it appears that Bcl-2 fails to protect 
isolated mitochondria against thiol-crosslinking by 
diamide [7, 27] and the proteolytic attaclt mediated by 
caspases [14], correlating with the fact that Bcl-2 does 
not inhibit apoptosis induced by diamide [7, 27] and 
direct caspase activation [14, 50-52]. The Bcl-2 effect 
is also overcome by treatment with paclitaxel (Taxol), 
an agent which causes hyperphosphorylation of Bcl-2 
[53, 54] and favors opening of the PT pore [55], Here we 
demonstrate another possibility to overcome Bcl-2-me- 
diated chemo- or radioresistance. Treatment of cells 
with PK11195, a ligand of the mBzR, largely reversed 
cytoprotection mediated by Bcl-2. A quasi-stoichiomet- 
ric relationship between the expression of Bc]-2 and 
that of the mBzR, at least in lymphoid cell lines, has 
been reported [56]. JMoreover, Bcl-2 protects isolated 
mitochondria against opening of the PT pore induced 
by low doses of protoporphyrin IX, a ligand of the 
MBzR, and this inhibition is overcome by high doses of 
protoporphyrin IX [19], suggesting a functional inter- 
action between Bcl-2 and the mBzR. In contrast, the 
Bcl-2-mediated protection against PT pore opening is 
not overcome by increasing the doses of other PT pore- 
targeted agents such as atractyloside, a ligand of the 
adenine nucleotide translocator [7, 8]. 

In contrast to protoporphyrin IX, PK11195 itself has 
no PT-inducing effect and fails to release apoptogenic 
factors from control or Bcl-2-overexpressing mitochon- 
dria. However, it does act in synergy with atractyloside 
or the prooxidant ^-BHP to overcome the Bcl-2-medi- 
ated retention of apoptogenic factors in isolated mito- 
chondria, and this effect is blocked by two inhibitors of 
the PT pore, bongkrekic acid and cyclosporin A (Fig, 5). 
Since Ugation of the mBzR does not cause a down- 
regulation of Bcl-2 expression (Ref [56] and data not 
shown), it thus appears probable that specific 
PK11195-driven conformational changes in the com- 
plex composed by the mBzR and the PT pore [1, 22-25] 
indirectly affect the mitochondrial membrane-stabiliz- 
ing and antiapoptic function of Bcl-2. In this context, it 
appears intriguing that the purified PT pore is under 
the direct regulatory influence of proteins of the Bcl-2 
family [26, 27]. Thus, the components of the PT pore, 
the mBzR, and the Bcl-2/Bax complex could form 
higher order molecular complexes which regulate the 
permeability of the inner and/or outer mitochondrial 
membranes. This scenario would explain how Bcl-2 can 
inhibit the atractyloside-induced release of apopto- 
genic factors and how PK11195 can neutrahze this 



inhibitory effect. Future studies addressing the puta- 
tive physical interaction between the raBzR, the pro- 
teins composing the PT pore, and Bcl-2-related pro- 
teins should elucidate the mechanism via which mBzR 
and Bcl-2 exert antagonistic effects on mitochondrial 
membrane integrity. 

In conclusion, our present data suggest a novel strat- 
egy for enhancing the susceptibility of cells to apoptosis 
induction, namely, ligation of the mBzR. Ligation of 
the mBzR with PK11195 may be a valuable strategy 
for reversing chemoresistance mediated by Bcl-2. 
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Apoptosis is of paramount importance during 
embryonic development This insight stems from 
early studies which correlated ceU death to normal 
developmental processes and now has been con- 
firmed by linking aberrant cell death patterns to 
aberrant development. Linking apoptosis to the phe- 
notype of a developing organism requires spatial 
information on the localization of the dying cells, 
making in situ detection essentiaL This prerequisite 
limits the tools available for such studies (1) to vital 
dyes, which can be detected at the whole mount level 
only; (2) to detection based upon apoptotic morphol- 
ogy by routine light microscopy and electron micros- 
copy; and (3) to staining for apoptosis associated 
DNA fragmentation via, e.g., the TUNEL procedure, 
which marks cells in a relative late phase of apopto- 
sis. New apoptosis markers need to be specific and 
should preferebly detect cells early during this pro- 



Cell death as a part of life was first recognized in studies 
of embryonic development from over a 150 years ago (5). 
In a thorough review on this subject, Gliicksmami listed 
many of the spatiotemporally chan^g and species- 
specific cell death patterns that are present during develop- 
ment (13). In addition, he described the changes La cell 
morphology accompanying this type of cell death, which 
consists of nuclear and cytoplasmatic condensation, and 
fragimentation into membrane boimd vesicles, sometimes 
containing dense nuclear material. Similar morphological 
changes, which were observed in a model of atrophy of 
adult liver, formed the basis for the definition of apoptosis 
(17). This specific morphology not only enabled micro- 
scopical detection of apoptotic cells but also allowed their 
distinction from necrotic cells, which are characterized by 
loss of staining of the nucleus and early degenerative 
changes of the mitochondria (50). 



cess. In the present study we show that the recently 
discovered in vitro marker of apoptosis, Annexin V 
meets these requirements for in vivo detection. 
Through intracardiac injections of biotin labeled 
Annexin V, a Ca^'^ dependent phosphatidylserine 
binding protein, we were able to visualize apoptotic 
cells derived from each germ layer in the developing 
mouse embryo from the whole moimt level up to the 
ultrastructural leveL Double-labeling on paraffin sec- 
tions for both this method and TUNEL revealed that 
cells become Annexin V-biotin labeled early during 
the process of apoptosis. Cytometry 29:313-320, 1997. 
© 1997 Wiley-Iiss, Inc. 



Key terms: cell death; morphogenesis; mouse em- 
bryo; phagocytosis; phosphatidylserine; phospholip- 
ids; TUNEL 



A ftmctional difierence between necrotic and apoptotic 
cells is that the latter are removed by phagocytes and 
degraded in phagolysosomes, without eliciting an inflam- 
matory response (6,35,50). To be renioved, the apoptotic 
cell has to signal its death to the environment. Phagocytes 
pick up this signal and respond by engulfing the apoptotic 
cell before it loses the integrity ojf its plasma membrane 
(35,50). Recent in vitro studies have indicated that the 
aminophospholipid phosphatidylserine (PS), which nor- 
mally resides in the cytoplasm feeing leaflet of the plasma 
membrane (9), serves as such a signal when it becomes 
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expressed on the outer surface of the apoptotic cell 
(2,10,11,37). 

The PS exposed by the plasma membrane of apoptotic 
cells can be detected by using Annexin V. This 35 kDa 
protein is a member of the Annexin family (3 1 ,33) and has 
a high affinity for PS containing membranes after binding 
Ca^'^-ions (1,36,39,43). Probing for apoptotic cells with 
Annexin V-in vitro has shown that the cell surface 
exposure of PS is an early event preceding nuclear changes 
(4,23), occurring while the integrity of the plasma mem- 
brane is still uncompromised (16,20,47). Furthermore, PS 
exposure appears to be ubiquitous among hematopoietic 
lineages, occurring irrespective of the apoptosis initiating 
stimulus (23). Recently it has been demonstrated that 
apoptotic adherent cell types in culture (3,42) and tissue 
embedded cells (40) also expose PS at their ceil surface. 

Reliable means to detect apoptosis are necessary to 
study the (patho)physiology of this process during develop- 
ment. Appropriate in situ markers should facilitate both 
the identification of the spatial patterns and the cytological/ 
histological characteristics of the apoptotic cells in a 
selective and sensitive manner. In the present study we 
have tested the feasibility of Annexin V as an apoptosis 
marker in embryonic tissues both at the whole mount level 
and in paraflRn and ultrathin sections. Using biotinylated 
Annexin V (AnxV-biotin) apoptosis was measured in the 
intaa living mouse embr>'0. Day 11-13 mouse embryos 
were the model of choice, since these carry spontaneous, 
highly consistent spatiotemporal apoptosis patterns that 
have been documented extensively, especially for the 
limbs (18,19,24,26,41,51). 

MATERIALS AND METHODS 
Embryos 

Pregnant FVB-mice, from 11-13 days PC (plug = day 0), 
were sacrificed by cervical dislocation after ether anesthe- 
sia. The uterus was taken out and embryos were collected 
and temporary cultured for detection of apoptosis using 
NUe blue sulfate (n = 35) or for detection of cell surface 
exposed PS using AnxV-biotin [whole mount, n = 32; light 
microscopy (LM), n = 95; electron microscopy (EM), 
n = 37]. Eight of the AnxV-biotin injected paraffin- 
sectioned embryos were used for double labeling experi- 
ments, consisting of in situ visualization of both AnxV- 
biotin binding and apoptosis associated DNA fragmentation 
via the TUNEL assay foi- 3'-hydroxyl DNA ends (12). 
Embryos injected with heat inactivated AnxV-biotin 
(n = 16) served as controls. 

NUe Blue Sulfate 

After removal of the extra embryonic membranes, 
embryos were stained in toto for 30 minutes at 37''C in a 
Nile blue sulfate solution (1:20000 w/v) (34). After incuba- 
tion, the specimens were rinsed twice with phosphate 
buffered saline (PBS), put on ice, and immediately photo- 
graphed under a microscope equipped with a video 
camera connected to a computer (Leica DM-RB, Hitachi 
HV-C20, PowerMacintosh 8 100/80). 



AnxV-biotin 



AnxV-biotin (APOPTEST-BIOTIN®, product B500) was 
obtained from NeXins Research B.V. (Hoeven, The Nether- 
lands). For control experiments the phospholipid binding 
property of AnxV-biotin was irreversibly destroyed by 
heating the protein for 10 minutes at 56X (32). 

Microinjection AitxV-biotin 

Embryos were injected into the ventricle of the heart 
using a Hamilton-Syringe based pipette system using glass 
pipettes with a tip diameter of 15-25 iim. A volume of 
approximately 3 pi of the AnxV-biotin solution was in- 
jected under a surgical microscope while the embryo was 
kept in HEPES buffer of 37°C- When successfully injected, 
a temporary blanching of the umbilical vein could be seen. 
After 30 minutes of incubation, the embryos were exam- 
ined for heart activity. Successfully injected embryos with 
positive heart activity were fixed and processed for 
visualization of bound AnxV-biotin. 

AnxV-biotin; Whole Mounts 

After overnight fixation in 4% Formalin/HEPES buffer at 
4°C, embryos were washed in PBS and in 0 3% Triton X 
100 in PBS, followed by digestion with 0.01% proteinase K 
(Boehringer-Mannheim, Mannheim, Germany) for 10 min- 
utes. Endogenous peroxidase activity was blocked by 
incubation in 1% H2O2 in Tris/EDTA for 60 minutes. After 
washing with PBS, bound AnxV-biotin was visualized in 
the embryos at room temperature using the avidin-biotin 
complex method with horseradish peroxidase conjugated 
avidin (Vector ABC Elite kit, Brunschwig, Germany), with 
3,3'-Dianiinoben2idin tetrahydrochlorid (DAB) (0.05%) as 
a substrate. Specimens were stored in Tris/EDTA at 4°C 
until examination under a microscope. 

AnxV-biotin; LM 

Following overnight fixation in 4% Formalin/HEPES 
buffer at 4''C, embryos were dehydrated, embedded in 
paraflSn, and serially sectioned at 3 fim. Endogenous 
peroxidase was blocked by incubation in methanol/H202 
(9: 1 v/v) for 20 minutes. Sections were washed in PBS and 
bound AnxV-biotin was visualized as described above. 
Sections were counterstained with Hematoxylin. 

AnxV-biotin; EM 

Day 13 embr^'os were microinjected with AnxV-biotin 
as described above and subsequentiy perfused intracardi- 
ally with 0.5 ml 2% glutaraldehyde and 2% paraformalde- 
hyde in 0.1 M cacodylate buffer. The limbs were removed, 
postfixed overnight in the same fixative, and cut on a 
Vibratome into 50 (im sections, which were processed to 
visualize the biotinylated Annexin V as described for LM. 
After the DAB reaction, the sections were subsequendy 
postfixed in 1.5% OSO4 in a 8% glucose solution, rinsed in 
destilled water, stained en bloc in 3% uranyl acetate, 
dehydrated in dimethoxypropane, and embedded in Dur- I 
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cupan (8). Ultrathin sections were cut on an ultratome 
(Reichert Ultracut S, Leica, Germany), stained with leadci- 
trate, and examined under a Philips electron microscope 
(CM 100). 

Double Labeling With AnxV-biotin and TUNEL 

Major DNA fragmentation as detected by in situ end- 
labelling procedures (27,49) has been described as a 
relatively late event in the process of apoptosis and is a 
marked feature of DNA containing phagocytosed apop- 
totic bodies (7). To evaluate whether cells with apoptotic 
morphology and fragmented DNA indeed showed AnxV 
positivity, sections stained for AnxV-biotin as described 
above were subjected to a terminal deoxynucleotidyl 
transferase-mediated dUTP nick end-labeling (TUNEL) pro- 
cedure. Based on previous experience (21) we optimized 
the procedure in terms of signal-enhancement and tissue 
preservation: best results were obtained by preheating the 
specimens in 10 mM citrate buffer (pH 6.0) for 10 minutes 
at 55°C, followed by a slow cooling down to room 
temperature. Subsequently the sections were treated with 
20 pg/ml DNase free proteinase K (Gibco, BRL Life 
Sciences, Merelbeke, Belgium) for 45 minutes at 37°C and 
washed 3 times for 5 minutes in Tris buffered saline (TBS), 
Tnc labeling reaction was performed by incubating the 
sections under coverslides for one hour at 37 °C with the 
following reaction mixture: 0.016 nmol/jiil digoxygenin-1 1- 
2'-deoxyuridine-5 ' triphosphate (DIG-1 1-dUTP, Boeh- 
ringer Mannheim, Mannheim, Germany) and 0,135 U/m1 
calve-thymus terminal deoxynucleotidyl transferrase (TdT, 
Boehringer Mannheim) in a buffer containing 0,2 M 
cacodylate, 0,025 M Tris/HCL, 0,24 ng/ml bovine serum 
albumine, and I mM C0CL2 (pH 6,6), After a preincubation 
step with block buffer (Bpehringer Mannheim), specimens 
were incubated with alkaline phosphatase-conjugated Fab 
fragments from sheep raised against DIG (Boehringer 
Mannheim) for 1 hour. The reaction was developed with 
nitro blue tetrazolium chloride and 5-bromch4-chloro-3- 
indolyl phosphate (NBT-PCIP) in Tris buffer (pH 9,5) for 5 
minutes, giving a dark blue reaction product. After the 
staining for DNA fragmentation, the sections were moxmted 
with aqueous mountant, without counterstaining. 

RESULTS 

Distribution of Intracardially Administered 
AnxV-biotin in the Viable Embryo 

In vivo detection of cell surface exposed PS using 
AnxV-biotin requires the protein to be administered to the 
intaa and living embryo by intracardiac injection. Annexin 
V is thus distributed by the specimen*s own circulatory 
system and the protein can reach only the outer cell 
surface (Fig. 1). To verify whether the staining reflected 
specific binding that was dependent on the PS binding 
property of Annexin V, control embryos were injected 
with heat inactivated AnxV-biotin (32). This AnxV-biotin 
with a destroyed phospholipid binding activity did not 
bind to embryonic cells (Fig. 2); hence the observed 




Annexin V-biotin Phosphatidylserine 



Fig, L a schematicai representation of AnxV-biotin present in the 
interstitial compartment of viable mouse embryos after intracardial 
administration of the protein. In viable cells, the PS molecules are 
predominantly facing the cytoplasm and cannot be reached by AnxV- 
biotin, The surface exposure of PS by apoptotic cells provides binding 
sites for the AnxV-biotin molecules. 



staining with intact protein indicates specific interaction 
of AnxV-biotin with the plasma membranes. 

Annexin V Binding Cells Are Located in Regions of 
Developmental Cell Death 

An accurate spatiotemporal correlation was found be- 
tween AnxV-biotin binding patterns in the limbs and the 
apoptosis patterns known from literature and with those 
observed using the vital dye Nile blue sulphate 
(18,19,24,26,41,51) (Fig. 3)- Despite the differences in 
morphology of the fore and hind limbs in day 11-13 
embryos, the cell death patterns present were essentially 
similar. On 11 days of gestation, cells were labeled both in 
the apical ectodermal ridge (AER) and preaxially and 
postaxially in the underlying mesoderm (Fig. 3A1-A4). At 
day 12, labeled cells were still present in the AER, but their 
numbers were decreased compared to day 1 1 (Fig. 3B4). 
Intense labeling was present in the narrow band of 
mesodermal cells in between the AER and the marginal 
sinus. In this so-called progress zone, labeling was ob- 
served at the pre- and postaxiai maigins of the autopod in 
early day 12 embryos (Fig. 3B1 and 3B3-3B4), whereas in 
late day 12 embryos labeling was most prominently 
present in the distal parts of the interdigital areas (3B2) 
(18). Finally, at day 13, labeled ceils were virtually absent 
from the AER, but present in large numbers preaxially, 
postaxially, and between the digits 1 and 5 (Fig. 3C1-3C4). 
Also at sites of joint formation in the stylopod, and in 
between the zeugopod and autopod, AnxV-biotin marked 
cells were present (Fig. 3C3 and 3C4). 

Also at other sites where cell death is known to be 
present during embryogenesis (13), cells were AnxV- 
biotin labeled. Staining was distributed left-right symmetri- 
cally in the embryos and was present in cells derived from 
each germ layer. Examples are shown of ectoderm derived 
cells in the facial processes (Fig. 4A1-A2) and ganglia (Fig. 
4B), of endoderm derived cells in the developing limg (Fig. 
4Q, and of cells from mesodermal origin, i.e., somitic cells 
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(Fig. 3A1-A2 and Fig, 4D) and cells of the wolffian (Fig. 4E) 
and miiUerian ducts (Fig, 4F). 

Occasionally, pyknotic cells were observed that were 
unlabeled for AnxV-biotin (see Fig. 4E). At the EM level, 
such unlabeled cells proved to be located within phago- 
cytes. Since phagocytes containing AnxV-biotin positive 
cells were also present in the material (see below), the 
unlabeled cells presumably were phagocytosed before 
perfusion of the specimens with AnxV-biotin. 

Early and Late Apoptotic Cells Bind Annextn V 

For the EM study on the morphology of AnxV-biotin 
binding cells, we used sections through the interdigital 
mesodermal tissue from day 13 embryos. Some of the 
AnxV-biotin binding cells showed only subtle morphologi- 
cal differences with vital non-labeled cells. These labeled 
ceils, which supposedly represent the early stages of 
apoptosis, showed signs of chromatin and cytoplasmatic 
condensation (Fig. 5A). An AnxV-biotin labeled cell with a 
rounded-off appearance, and more profound chromatin 
and cytoplasmatic condensation, is shown in Figure 5B; 
this cell is located in a phagocyte. The AnxV-biotin binding 



Fig. 2. Paraffin section through limb tissue of a heat inactivated-Anx\'- 
biotin injected day 13 mouse embryo showing an absence of DAB staining 
in the interdigital degenerating tissue OFig. Al ; compare to Fig. 3C3-3C4). 
Figure A2 depicts a higher magnification of the boxed area in Al, showing 
apoptotic/pyknotic cells that are unlabeled for AnxV-biotin (arrows). Also, 
the embryonic erythroblasts were unlabeled (Fig. Al and A3, arrowheads). 
Scale bars equal 200 ^mi (Al) or 25 pm (A2, A3). 

Fig. 3- Apoptosis patterns in limbs from day 1 1 (A), day 12 (B), and day 
15(C) mouse embryos, visualized in whole limbs using Nile blue sulfate as 
a marker (Al-Cl), and in whole mounts (A2-C2) and paraflSn sections 
C'V3-C3 and A4-C4) using Annexin V. Within one age group, boxed areas 
represent similar regions in Nile blue sulfate treated embryos and in 
Aimexin V treated embryos. In A4-C4 higher magnifications are shown of 
the areas boxed in Al-Cl, A2-C2, and A3-C3. At day 11, cells were 
marked in the Hmbs in both the AER (A3-A4: arrowhead) and pre- and 
postaxially in the underlying mesoderm (A4: arrow). Notice the Nile blue 
sulfate and AnxV-biotin stained somites (A1-A2: arrow). At day 12, 
labeling was observed in the narrow band of mesodermal cells in between 
the marginal sinus (B4: MS) and the AER, i.e., the progress zone (B4: 
arrow). This labeling was present at the pre- and postaxial margins of the 
autopods of early day 12 embryos OBI and B3-B4), whereas it has shifted 
to the distal interdigital regions in late day 12 embryos (B2). Also, marked 
cells were still present in the AER but in decreased numbers with respect 
to day 11 (B4: arrowhead). In day 13 mouse embryos, labeled cells were 
virtually absent in the AER (C4: arrowhead), but present in large numbers 
pre- and postaxially and in between the digits 1-5 (CI -03: boxed areas, 
and C4: arrow). Also, at sites of joint formation in the stylopod, Atmexin V 
positive ceils were foimd (C4: asterix). Scale bars equal 20 jim (A4, B4). 
100Mm(C4), or 500 Mm(Al-Cl, A2-C2, andA3-C3). 

Fig. 4. (Jeneral presence of Annexin V labeling in paraffin embedded 
serially sectioned day 11 (A,C^), day 12 (B) and day 13 0M=) mouse 
embryos. In Al, sagittal section showing fusion of the lateral nasal and 
maxillary processes. In A2, a higher magnification is shown of the boxed 
area in Al, depicting AnxV-biotin labeled cells (arrow) in the center of 
fusion of the fadal processes. (B) Section through the trigeminal ganglion 
showing labeled cells with a pyknotic and often also fragmented nucleus 
(arrow). (Q Labeled cells in the cndodenn derived bronchial epithelium 
(arrows). In transverse sections through the tail region cells were 
observed labeled in the degenerating tailgut and in the somites at site of 
the presumptive somitocoel (D, arrow). Annexin V labeled cells were also 
abundantly present in the urogenital system. Examples are shown of the 
wolffian CE) and mullerian ducts (F), in the region where the ducts are 
bound to orifice into the urogenital sinus (asierix). Scale bars equal 10 ^m 
(B,D). 25 Jim (A2, C, E, and F), or 100 jim (Al). 



cells at later stages of apoptosis were clearly recognizable 
by their advanced chromatin condensation or by nuclear 
pyknosis (Fig. 50- The surrounding viable cells did not 
show labelling at the plasma membrane. 

The labeling for AnxV-biotin and TUNEL was revealed at 
the light microscopical level as a staining at the plasma 
membrane and nucleus, respectively. Cells in earlier stages 
of apoptosis were only AnxV-biotin positive (Fig. 6A1-A2), 
whereas cells showing both features were all in later stages 
of apoptosis, i.e., with profound chromatin condensation 
(Fig. 6A2-B). The pyknotic cell fragments were often only 
TUNEL-labeled (Fig. 6A1-A2). 

DISCUSSION 

The study of apoptotic cell death during embryogenesis 
not only assists in the understanding of normal develop- 
ment (13,25,26,28,44,45,48), but also aids in understand- 
ing of a variety of congenital malformations (14,15,18, 
19,24,29,46,51). At present, apoptotic cells are detected 
mostly in the (serially sectioned) specimens on the basis of 
cell morphology, through the microscope, as it was done 
150 years ago (5,13). Though widely applicable, this 
method is ver\^ time consuming, and at the LM level it 
permits the detection of only the condensed chromatin 
structure of late apoptotic cells. Alternatively, one may use 
vital dyes, like Nile blue sulfate (18,19,24,26,41,51), but 
the use of such dyes is restricted to visualization of ceD 
death in whole mounts. In addition, biochemical markers 
for apoptosis like TUNEL (12) and ISEL are available (49). 
These markers detect apoptotic cells at the LM (25,49) and 
EM (30) level, but they can not be applied to whole 
mounts. 

Studies of developmental cell death may benefit from 
early detection methods that are selective and can be 
applied to sections and whole mounts. The method for the 
in situ detection of apoptotic cell death that is presented in 
this study is based upon the injection of AnxV-biotin 
intracardially into viable mouse embryos. The apoptosis 
patterns in the limbs as visualized in whole specimens 
using the vital dye Nile blue sulphate (this study and 
18,19,24,26,41, and 51) closely match with the AnxV- 
biotin staining in whole specimens and tissue sections. In 
subsequent stages of development, cell labeling was ob- 
served at various locations, e.g., in the AER, pre- and 
postaxially, where apoptosis serves the shaping of the 
hand/footplate; interdigitally, where it is required to sepa- 
rate the digits from each other, and in the presumptive 
joint-areas, where it is involved in cavity formation (26). 
AnxV-biotin labeling of apoptotic cells was not restricted 
to limb tissue, but was also present at other sites in the 
embryos. Staining was observed at sites in the embryo (1) 
where cell death serves fusion, e.g., in the facial processes 
(44,46); (2) where it occurs as degeneration of individual 
cells, e.g., neurons (22,38) and somitic cells (13); or (3) 
where it affects whole cell regions, e.g., wolflSan duct and 
miiUerian duct (13)- In addition, it was observed at sites 
where the function of apoptosis is still enigmatic, e.g., the 
lung (13). 
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Figure 5 




Figure 6 



Fig. 5- Electron micrographs, showing AnxV-biotin labeled cells located 
in the intcrdigital region of a day 13 mouse embryo. Cells were found 
labeled at early stages of apoptosis, when showing first signs of chromatin 
condensation (A), ingested by a phagocyte (B), and up to the later stages 
of apoptosis when clearly pyknotic (Q. Viable cells were unlabeled 
(asterix). Scale bar equals 2 jim. 

Fig. 6. Paraffin sections through day 13 limbs of AnxV-biotin injected 
mouse embryos that have been stained both for PS exposure at the plasma 
membrane via AnxV-biotin and for DNA fragmentation via the TUNEL 
method; no countersiaining was applied. In figure A2 a higher magnifica- 



AnxV-biotin can also be used to detect apoptotic cells at 
vthe ultrastructural level. These cells v^^ere characterized by 
their tj'pical morphology (50); their appearance ranged 
from early stages of apoptosis, where the cells show the 
first signs of cytoplasmatic and nuclear changes to the later 
stages, with advanced cytoplasmatic and chromatin con- 
densation and ultimate pyknosis. Additional evidence for 
the association between apoptosis and PS exposure at the 
outer layer of the plasma membrane came from double 
labeling experiments, applying the TUNEL protocol for 
detection of apoptosis associated intemucleosomal DNA 
fragmentation (12,21) subsequent to the Annexin V pro- 
tocol. The double labeled cells were all in the late, 
pyknotic phase of apoptosis. In contrast, the apoptotic 
cells in relatively early stages of apoptosis were only 
AnxV-biotin labeled at the plasma membrane. The pres- 
ence of these AnxV-biotin-positive and TUNEL negative 



tion is shown of the boxed area in figure Al , showing in one field the three 
t>'pes of labeled cells that were observed: (i) cells that showed AnxV-biotin- 
labeling at the plasma membrane only (arrows), (ii) pyknotic cells that 
were double labeled for AnxV-biotin and TUNEL (arrowhead), and (iii > 
pyknotic cells and cell fragments that appeared only TUNEL-positivc 
(open arrowhead). In B, four AnxV+/TUNEL+ cells arc depicted in 
subsequent stages of apoptosis. Such cells were having chromatin 
margination (upper left and upper right) or nuclear fragmentation (lower 
left), or were clearly pyknotic (lower right). Scale bar equals 50 pm (Al) or 
10 pm (A2) or 5 pm (By 



cells suggests that loss of PS plasma membrane asymmetn 
precedes the stages when DNA fragmentation can be 
detected by TUNEL. A similar sequence of events was 
observed for hematopoietic cells entering apoptosis in 
vitro (4,23). The double labelling experiments also showed 
that some of the pyknotic cells and cell fragments were 
only TUNEL positive. At the EM level, the pyknotic cells 
without AnxV-biotin labeling at the plasma membrane 
were shown to be located within phagocytes. We hypoth- 
esize that these apoptotic cells were already ingested by 
phagocytes before the embryos were injected with the 
AnxV-biotin, and therefore could not be reached by the 
circulating protein. 

In conclusion, we demonstrated the feasibility of An- 
nexin V in vivo labeling of apoptotic cells in whole mounts 
and tissue sections of mouse embryos at the light- and 
ultrastructural level. 
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Abstract 

Many anticancer drugs are able to induce apoptosis in tumor 
cells but the mechanisms underlying this phenomenon are 
poorly understood. Some authors reported that the p53 tumor 
suppressor gene may be responsible for drug-induced 
apoptosis; however, chemotherapy-induced apoptosis can 
also be observed in p53 negative cells. Recently, doxorubicin 
(DXR) was reported to induce CD95L expression to mediate 
apoptosis through the CD95/CD95L system. Thus, an 
impairment of such a system may be involved in drug 
resistance. We evaluated the in vitro antitumor activity of 
several cytotoxic drugs on two human p53-negative T-cell 
lymphoma cell lines, the HUT78-B1 CD95L-resistant cell line 
and the HUT78 parental CD95L-sensitive cell line. We 
demostrated by Western blotting assay that DXR and 
etoposide (VP-16) were able to induce CD95L expression 
after 4 h of treatment. In contrast, they were unable to induce 
the expression of p53. DXR, at concentrations ranging from 
0.001-1 fxglmU and VP16, at concentrations ranging from 
0.05-1 /zg/ml, were equally cytotoxic and induced apoptosis 
in both cell lines as assessed by fluorescence microscopy and 
flow cytometry analyses. Although we observed a slightly 
reduced percentage of apoptotic cells in HUT78B1 when 
compared with the parental HUT78 cells after few hours of drug 
exposure, this difference was no longer evident at 48 or 72 h. 
Similarly, the exposure of HUT78 cells to a CD95-blocking 
antibody partially reduced early apoptosis (24 h) without 
affecting the long-term effects of the drugs including 
cytotoxicity. Furthermore, as observed with DXR and VP-16, 
both the CD95L-sensitive and the CD95L-resistant cell lines 
resulted equally sensitive to the cytotoxic effects of a number 
of different cytotoxic drugs (vincristine, camptothecin, 5- 
fluorouracil and methotrexate). The treatment with the 



Caspase-3 tetrapeptide aldehyde inhibitor, Ac-DEVD-CHO, 
did not affect the DXR-induced apoptosis whereas it only 
modestly inhibited apoptosis and cytotoxicity of VP-16, while 
Z-VAD.FMK, a Caspase inhibitor that prevents the processing 
of Caspase-3 to its active form, was able to block DXR-induced 
apoptosis at 24 h but not at 48 h. Thus, our results do not 
confirm a crucial role for the CD95/CD95L system in drug- 
induced apoptosis and suggest the involvement of alternative 
p53-independent pathways at least in this experimental model 
system. 

Keywords: apoptosis; anticancer drugs; CD95; CD95L: caspases 

Abbreviations: CD95L, CD95 Ligand; DXR, Doxorubicin; VP-16, 
Etoposide; VCR, vincristine 

Introduction 

Programmed cell death or apoptosis is a genetically encoded 
process involved in the homeostasis of multicellular organ- 
isms and in carcinogenesis (Kerr et al, 1972; Williams and 
Smith, 1993; Martin and Green, 1995a; Williams, 1991). 
Several cytotoxic drugs employed in the chemotherapy of 
malignancies cause apoptosis In target cells (Fisher, 1994; 
Lennon etal, 1991; Collins efa/, 1991; Walker etal, 1991), but 
the mechanisms by which these drugs induce apoptosis in 
neoplastic cells are not well understood at the molecular level. 
Several studies indicate that wild-type p53, a tumor 
suppressor gene which regulates both cell cycle and cell 
survival, plays a critical role in triggering cell death by 
apoptosis upon DNA damage^ caused by radio- and 
chemotherapy (Lowe etal, 1993a,b; KInzier and Vogelstein, 
1994). Recently, however, further evidence suggests that the 
p53 status does not necessarily correlate with chemo- or 
radio-resistance (Del Bufalo etal, 1996; Jung etal, 1992), and 
inactivation or mutation of p53 can even render cells more 
sensitive to cytotoxic agents (Fan etal, 1995; Xu etal, 1995). 
CD95 (also known as Fas or APO-1) Is a cell surface protein 
belonging to the TNF receptor family which induces apoptosis 
upon interaction with agonistic antibodies or with the CD95 
Ligand (CD95L). The CD95/CD95L system plays an 
important role in the immune response (Nagata, 1997; 
Krammer et al, 1994; Nagata and Golstein, 1995) and the 
expression of CD95L by tumor cells has been reported to be a 
possible determinant of tumor immunosurveillance and/or 
invasion in vivo (Strand et al, 1996; O'Connel et al, 1996; 
Hahne et al, 1996; NIehans et al, 1997; Saas et al, 1997). 
Crossllnking of CD95 results In rapid receptor aggregation 
and fomiation of the Death Inducing Signaling Complex 
(DISC) (Kischkel et al, 1995). This is composed of CD95, 
FADDorMORT-1 (Chinnaiyan ef a/, 1995; Boldin etal, 1995), 
a death domain-containing adaptor protein and Caspase 8 
(FLICE/MACH protein) (Muzio etal, 1996; Boldin etal, 1996), 
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a member of the ICE-like family of cysteine proteases also 
known as Caspases (Alnemri et al, 1996), which play 
Important roles in the execution stage of apoptosis (Martin 
and Green, 1995b; Kumar and Lavin, 1996). Moreover, CD95 
crosslinking can also lead to the hydrolysis of sphingomyelin 
to fonm ceramide, which can then act as a second messenger 
to initiate multiple downstream pathways and several 
biological functions including apoptosis (Testi, 1996; Skow- 
ronskl et al, 1996; Hannun, 1996). Recently, an increased 
expression of CD95L messenger RNA has been shown to 
occur in the lymphoblastic T cell CCRF-CEM leukemia 
exposed to doxorubicin or methotrexate (Friesen et al, 
1996). Moreover, synthesis of ceramide, has been observed 
in murine leukemia cells treated with doxorubicin (Bose et al, 
1995). These studies indicate that the CD95/CD95L system 
may be involved in apoptosis triggered by cytotoxic drugs. To 
understand the relationship between CD95 and drug-induced 
apoptosis, we have therefore studied the effects of doxor- 
ubicin (DXR) and etoposide (VP-16), two topoisomerase II 
inhibitors able to induce apoptosis in several tumor cell lines, 
in a T cell lymphoma clone resistant to CD95-mediated 
apoptosis (HUT78B1) as well as in its parental, CD95L- 
sensitive, counterpart (HUT78). HUT78B1 ceils were selected 
by treatment of the parental HUT78 cell line with a CD95- 
specific monoclonal antibody, CH-1 1 and express both wild- 
type CD95 and a truncated form of the receptor lacking the 
intracellular death-signaling domain (Cascino etal, 1996). 



Results 

Effects of a CD95-agonistic antibody on HUT78 and 
HUT78B1 cells 

HUT78 cells underwent apoptosis when exposed to increas- 
ing concentrations of the CD95-agonistic antibody, CH-11. 
Apoptosis was already observed after 4 h of treatment and 
reached a plateau at 24 h (90% of apoptotic cells). The CD95 
IgGI antibody, DX2, almost completely blocked the CH-11 - 
induced apoptosis in HUT78 cells at 24 h (Figure 1) and to a 
similar extent at 48 and 72 h (data not shown). HUT78B1 cells 
were resistant to CH-11 treatment even at high concentra- 
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Figure 1 Percentage of apoptotic cells, evaluated by morphological analysis, 
. after 24 h of exposure to the CD95-agonistic mAb CHI 1 in HUT78, HUT78B1 , 
or HUT78 cells pretreated with the CD95-blocktng Ab 0X2. Data are the 
mean + S.D. of four independent experiments. Flow cytometry analysis of 
apoptosis gave very similar results 



tions, as previously reported (Cascino etal, 1996) (Figure 1). 

Expression of p53 and bcl-2 protein in HUT78 and 
HU78B1 cells 

The expression of wild-type p53 and bcl-2 proteins was 
evaluated by Western blotting in HUT78 and HUT78B1 cells 
(Figure 2a and b). Sinnilar levels of bcl-2 protein were 
observed in both cell lines while p53 protein was undetect- 
able even upon treatment with DXR or VP-16 drugs for 12 or 
24 h (Figure 2a). 

Drug-induced apoptosis 

DXR- and VP-16-induced apoptosis in HUT78 cells was 
concentration- and time-dependent (Figure 3a and b). About 
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Figure 2 Expression of p53 (a) and bcl-2 protein (b) in HUT78 and HUT78B1 
cells, (a) As a control, the retinoblastoma cell line Y79 was incubated for 24 h 
in the presence (lane 1) or absence (lane 2) of camptothecin 0,5 pM. HUT 78 
cells (lanes 3-7) or HUT78B1 cells (lanes 8-12) were exposed to 0.9/ig/mt of 
DXR for 12 (lanes 4 and 9) or 24 h (lanes 5 and 10) or to 1.5 /xg/ml of VP-16 for 
12 (lanes 6 and 11) or 24 h (lanes 7 and 12). (b) Expression of bcl-2 in in 
HUT78 (lane 1), HUT78B1 (lane 2) and Y79 cells (lane 3) 
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Figure 3 Percentage of apoptotic cells, evaluated by morphological analysis, 
after 24 48 (■) or 72 (A) h of exposure to DXR (a,c) or VP-16 (b,d) in 
HUT78 (a,b) and in HUT78B1 cells (c and d). Data are the mean+S.D. of five 
independent experiments. Flow cytometry analysis of apoptosis gave very 
similar results 
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10% of the cells were apoptotic after 24 h of treatment with 
0.6 ^g/ml of DXR or VP-16, and this percentage increased to 
22% or 33% at 1.8 //g/ml of DXR or 1.5/ig/ml of VP-16, 
respectively. Finally DXR at 0.9 /^g/ml and VP-1 6 at 1 .5 fig/ml 
induced apoptosis almost in all cells at 72 h. Therefore, in 
spite of the absence of p53 and the presence of Bcl-2 
proteins, HUT78 ceils undergo apoptosis upon Chemother- 
apeutic treatment. In the HUT78B1 CD95-resistant cells, a 
slightly lower percentage of apoptotic cells was observed at 
24 h of drug exposure when compared to that of the wild-type 
HUT78 cells (Figure 3c and d). However, at 48 and 72 h the 
percentage of apoptotic cells in HUT78B1 was superimpo- 
sable to that of HUT78 cells (Figure 3c and d). 

Role of the CD95/CD95L system in drug-Induced 
apoptosis in HUT78 and HUT8B1 cells 

HUT78 cells express the CD95 receptor and are sensitive to 
apoptosis; thus we investigated the possible role of the CD95/ 



CD95L system in drug induced apoptosis. First the 
expression of CD95L in dmg-treated HUT78 cells was 
evaluated by cytofluorimetric and Western blotting analyses. 
Since doubts have been raised about the specificity of some 
anti-CD95L antibodies COS-7 and 293T mock- or human 
CD95L- transiently transfected cells and NIH3T3 fibroblast 
transfected with the murine CD95L (Hughes and Crispe, 
1995) were used along with the experimental samples. 
CD95L was detected in all transfectants as well as in the 
HUT78 cells treated with VP-16 and DXR by both 
cytofluorimetric (NOK-1 antibody) (Figure 4A and 8) and 
Western blot (G247-4 and clone 33 antibodies) (Figure 4C 
and D) analyses but not in the mock transfected COS-7, 293T, 
NIH3T3 fibroblasts and in the untreated HUT78 cells (Figure 
4). CD95L was induced at 4 h upon treatment with both VP-1 6 
and DXR and slightly decreased at 8 h as detected by FACS 
analysis (Figure 48), such decrease however was barely and 
only occasionally detectable on total cell lysates in Western 
blot (Figure 4D). Similar results were obtained with the CD95- 
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Figure 4 Expression of C095L by cytofluorimetric and immunoblotting analyses. Surface CD95L expression detected with the NOK-1 or a isotype-matched 
control antibody by cytofluorimetric analysis {A, B) in mock or CD95L transfected 293T, COS-7. and NIH3T3 cells as indicated (A) and in HUT78 ceils (B): 
untreated (a), treated with PMA ( 1 ang/ml and tonomycin (400 ng/ml) for 4 (b) and 8 h (c), treated with 1 .5 pg/ml of VP-1 6 for 4 (d) and 8 (e) h or with 0.5 //g/ml of DXR 
for 4 (f) and 8 h (g). Immunoblotting analysis with the CD95L antibodies clone Q247-4 and clone 33 as indicated (for details see Materials and Methods). (C) 293T, 
mock-transfected {lane 1); 293T, human CD95L-transfected (lane 2); COS-7 mock transfected (lane 3); COS-7 human CD95L-transfected (lane 4); NIH3T3 mock* 
transfected (lane 5); NIH3T3 murine CD95L-transfected (lane 6). (D): untreated HUT78 (lane 1), HUT78 treated with PMA and ionomycin for 4 (lane 2) and 8 h (lane 
3). HUT78 treated with VP16 for 4 (lane 4) and 8h (lane 5). HUT78 cells treated with DXR for 4 (lane 6) and 8 (lane 7) h 
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resistant HUT78B1 cells (data not shown). Next we 
evalutated the susceptibility to drug-induced apoptosis in 
HUT78 cells treated with a CD95-blocking antibody (DX2) and 
we compared the results to that obtained in HUT78B1. 
Likewise to that observed in HUT78B1, at 24 h of drug 
exposure a slightly lower percentage of apoptotic cells in the 
DX2-treated HUT78 than in the HUT78 cells was observed. 
(Figure 5a and b). However, at 48 (Figure 5c and d) and at 
72 h (Rgure 5e and Q a similar percentage of apoptotic cells in 
HUT78, HUT78 exposed to DX2 and in HUT78B1, was 
detected. 

Drug-induced cytotoxicity 

To test whether the CD95/CD95L system may influence 
antitumoral effects other than apoptosis we evaluated the 
cytotoxicrty of DXR and VP-16 in HUT78 and in HUT78B1 
cells by the trypan blue dye exclusion test. Both dmgs 
produced similar cytotoxic effects in the two cell lines (Figure 
6). In addition, the treatment with the DX2 antibody did not 
affect the cytotoxicity of DXR or VP-16 in HUT78 cells (data 
not shown). Moreover the cytotoxic effects of other 



chemotherapeutic drugs, which differ in structure and 
mechanism of action from DXR and VP-16, were tested in 
HUT78 and HUT78B1 cells (Table 1). No significant 
differences in cytotoxicity were detected in the sensitive and 
in the resistant cell lines. 

Role of Caspases In drug-induced apoptosis 

Caspase-3 (CPP32, Yama, apopain) Is activated through a 
protease cascade in response to several apoptotic stimuli, 
including CD95 crosslinking, and cleaves specific intracel- 
lular substrates during apoptosis (Martin and Green, 1995b; 
Kumar and Lavin, 1996). To understand whether Caspase-3 
activation was directly involved in drug-mediated apoptosis, 
we studied the effects of DXR and VP-16 in HUT78 cells 
treated with the caspase 3 inhibitor Ac-DEVD-CHO (Acetyl 
Asp-Glu-Val-Asp aldehyde). While Ac-DEVD-CHO was able 
to inhibit, almost completely, the CH-11 -induced apoptosis 
(86%, data not shown), it had no effect on apoptosis 
induced by DXR and only a partial inhibitory effect on 
apoptosis and cytotoxicity was obsen/ed in HUT78 cells 
exposed to Ac-DEVD-CHO and VP-16 (Figure 7). The 
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Figure 5 Comparison between the percentages of apoptosis, evaluated by 
morpholooical analysis, induced by DXR or VP-16 in HUT78, HUT78B1, or 
HUT78 cells exposed to the blocking anti-CD95 Ab DX2; (a) after 24 h of 
exposure to DXR; (b) after 24 h of exposure to VP-16; (c) after 48 h of 
exposure to DXR; (d) after 48 fi exposure to VP.16; (e) after 72h of exposure 
to DXR; (f) after 72h exposure to VP-16. Data are the mean±S.D. of five 
independent experiments. Row cytometry analysis of apoptosis gave very 
similar results 
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Rgure 6 Cytqtoxicity o« DXR and VP-1 6 in HUT78 ( ■) or HUT78B1 (A) cells 
after 72 h of exposure to tfie agents. Cytotoxicity was evaluated by the trypan 
blue dye exclusion test. Data are tfie mean+S.D. of five independent 
experiments 
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Caspase inhibitor Z-VAD.FMK (benzyloxycarbonyl-Val-Ala- 
Asp (OMe) fluoromethylketone) (Siee et al, 1996) markedly 
inhibited DXR-induced apoptosis at 24 hours but not at 48 h 
and failed to inhibit apoptosis at 48 h when VP-16 was used 
at 5 figfm] (Figure 7). 2-VAD.FMK was however able to 
block CH-11 -induced apoptosis both at 24 and 48 h (95%, 
data not shown). 



Table 1 Cytotoxicity of anticancer drugs in HUT78 and HUT78B1 after 72 fi of 
exposure 





HUT78 


HUT78B1 




Drugs 


\Cso (ng/ml) 


IC50 (ng/ml) 


Rl* 


DXR 


48.0 


57.0 


1.2 


VCR 


5.3 


9.2 


1.7 


VP-16 


270.0 


290.0 


1.1 


Camptothecin 


4.9 


5.6 


1.1 


Methotrexate 


27.3 


25.0 


0.9 


5-fluorouraciI 


650.5 


260.2 


0-4 



Rl: Resistance Index 



Discussion 

To examine the role of the CD95/CD95L system in the drug 
sensitivity/resistance of tumor cells, we studied the effects of 
DXR and VP-16, as well as of other agents, on the T cell 
lymphoma line HUT78 and on the CD95-resistant derived 
clone HUT78B1. HUT78 cells express CD95 and undergo 
apoptosis when treated with CH-11 agonistic antibody; 
moreover, apoptosis can be blocked by the addition of the 
DX2 antibody at 24 h (Figure 1) and to a similar extent at 48 
and 72 h (data not shown). HUT78B1 cells express both a 
wild-type and a truncated receptor lacking the intracellular 
death domain and are completely resistant to the CH-11 
antibody. Furthennore, we studied the expression of p53 in 
HUT78 and B1 clone, employing a monoclonal antibody 
specific for a sequence at the NH2-terminus of the protein (aa 
18-30). Wild-type p53 protein in both cell lines even upon 
treatment with DXR and VP-16 was not detectable by 
Western blot analysis. DXR and VP-16 induce apoptosis in 
HUT78 and HUT78B1 cells in a dose- and time-dependent 
manner. The DX2 antibody was able to interfere with DXR- 




6 



5 0 1 2 3 4 

VP.16(Mg/ml) VP-16 (pg/ml) 



Figure 7 Effect of the Caspase inhibitors Ac-DEVD-CHO and Z-VAD.FMK on DXR- and VP16-induced apoptosis and cytotoxicity in HUT78 cells. Cells were 
exposed to 200/iM of Ac-DEVD-CHO or SOfiU of Z-VAD.FMK and after 90mln DXR or VP16 were added. <a) DXR induced apoptosis in HUT78 cells in the 
presence or absence of Ac-DEVD-CHO or 2-VAD.FMK; evalutation after 24 and 48 h; (b) VP16 induced apoptosis in HUT78 cells in the presence or absence of 
caspase inhibitors; evaluation after 24 and 48 h. (c) DXR induced cytotoxicity in HUT78 cells in the presence or absence of caspase inhibitors; evalutation after 
24 and 48 h; (d) VP 16 induced cytotoxicity in HUT78 cells in presence or absence of caspase inhibitors; evaluation after 24 and 48 h 
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and VP16-induced apoptosis in HUT78 cells only at 24 h, 
while it did not influence the percentage of apoptotic cells at 
48 or 72 h of treatment. In other words, the addition of the 
CD95-blocking monoclonal antibody caused only a modest 
slow down of the apoptotic effects of DXR and VP-16 in 
HUT78. However, this was not due to the lack of CD95L, in 
fact a clear increase in CD95L expression shortly after the 
application of DXR or VP-16 was observed in HUT78 cells as 
assessed by cytofluorimetric and Western blot analyses 
(Figure 4). These results suggest that the CD95/CD95L 
system might play some role only in the early stages of drug 
treatment while it does not appear to be involved in the 
apoptosis observed after longer periods (48 or 72 h) of 
exposure to DXR and VP-16. This conclusion is further 
supported by the experiments with the HUT78B1 clone. In 
fact, while a lower percentage of apoptotic cells was observed 
at 24 h of treatment with DXR or VP-16 in HU78B1 cells in 
comparison with the parental cell line, this difference was no 
longer evident at 48 or 72 h of treatment. 

Moreover, the GD95/CD95L system did not influence the 
cytotoxic effects of other antineoplastic drugs, such as 
camptothecin, vincristine, 5-f!uorouracil and methotrexate in 
this experimental system. 

Remarkably the two cell lines do not express p53, thus 
this protein is not involved in the apoptotic process. It is 
tempting to speculate that new p53 independent mechan- 
isms are responsible for the drug-induced apoptosis in this 
model system. 

The drugs might act at a different step of the apoptotic 
process, such as at the level of the activation of the 
Caspase cascade. Interestingly, Ibrado et aL have shown 
that Ara-C, mitoxantrone and VP-16 induce activation of 
Caspase 3, which results in the cleavage of poly-(ADP- 
ribose) polymerase (PARP) and apoptosis (Ibrado et al, 
1996). However, the precise mechanism by which these 
drugs cause activation of Caspase-3 is still not clear. In 
order to understand the role of Caspase-3 in drug-induced 
apoptosis and cytotoxicity in our model system we treated 
HUT78 cells with DXR and VP-16 in the presence of the 
specific Caspase-3-like inhibitor Ac-DEVD-CHO. Although 
Ac-DEVD-CHO treatment almost completely blocked CH- 
1 1 -induced apoptosis, non univocal results were observed 
with the antineoplastic drugs. In fact, whereas DXR-induced 
apoptosis was not affected, Ac-DEVD-CHO induced a 
partial inhibition of apoptosis and cytotoxicity induced by 
VP-16. These results are in agreement with recent reports 
indicating that the activation of Caspase-3 or other ICE-Iike 
cysteine proteases may not be a rate-limiting step in the 
chemotherapy-induced apoptotic process. In fact, cells 
transfected by CrniA, a cowpox protein which inhibits the 
apoptotic proteases, became resistant to CD95-mediated 
apoptosis'but remained sensitive to the apoptotic effects of 
chemotherapy (Decaudin et al, 1997). However, we 
observed that Z-VAD.FMK, a Caspase inhibitor acting 
upstream to Caspase-3 activation, was able to markedly 
inhibit DXR and VP-16 induced apoptosis. This inhibition 
was evident only in the first 24 h ot treatment but not after 
48 h. When a moderately cytotoxic concentration of 
etoposide was used, the apoptotic inhibitory activity of Z- 
VAD.FMK was evident also at 48 h (data not shown). Z- 



VAD.FMK was able to block completely CH-11-induced 
apoptosis at 24 and 48 h. The complete inhibition of DXR- 
induced apoptosis by Z-VAD.FMK but not by Ac-DEVD- 
CHO observed after 24 h support the hypothesis that 
Caspases different from Caspase-3 may be involved in 
the early phases of DXR-induced apoptosis in this 
experimental model. 

In conclusion, we think that the mechanisms underlying 
drug-induced apoptosis may involve several different 
molecular determinants which can be different depending 
on the experimental cellular model and the drug employed. 
Further studies may lead to the identification of new 
molecular targets for chemotherapeutic drugs. 



Materials and Methods 
Cell culture 

HUT78 and HUT78B1 cells were grown in RPMI 1640 (Gibco Grand 
Island, NY, USA) containing 10% FCS (Gibco) supplemented with 
100 U/ml penicillin (Gibco), 100mg/mi streptomycin (Gibco), and 
2 mM L-glutamine (Sigma Chemical Co, St Louis, MO, USA) in a 5% 
CO2 atmosphere at 37°C. Monkey COS-7 cells (American Type 
Culture Collection, Rockvile, MD; CRL 1651) murine fibroblast, 293T 
cells (kindly provided by Dr. R. Beyaert, Laboratory for Molecular 
Biology. University of Gent, Belgium) were grown in DMEM containing 
10% FCS- NIH3T3 transfected cells (kindly provided by Dr. N. Crispe, 
Yale University School of Medicine, New Haven, USA) were grown in 
presence of 0.5 mg/ml of G418-supplemented medium. 

Chemicals and antibodies 

DXR, VP-16, camptothecin, vincristine, methotrexate and 5-fluorour- 
acil were from Sigma Chemical Co. The Caspase inhibitors Ac-DEVD- 
CHO and 2-VAD.FMK were purchased from Alexis Biochemicals 
(Laufelfingen, Sv/itzerland). The following antibodies were used: the 
CD95 monoclonal antibody, DX2, kindly provided by Dr. R. Testi 
(Department of Experimental Medicine and Biochemical Sciences, Tor 
Vergata University, Rome, Italy); the CD95-agonistic antibody, CH-1 1, 
Upstate Biotechnology (Lake Placid, NY, USA); the CD95L antibodies: 
clone NOK-1, (Lot. N. M021271) PharMingen (San Diego. CA. USA), 
clone G247-4 (Lot N. M021163) PharMingen and clone 33, (Lot N. 2) 
Transduction Laboratories (Lexington. KY, USA); the p53, clone D01, 
and the Bcl2 monoclonal antibodies from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA); the Fluorescein-linked or horseradish 
peroxidase (HPRO)-coupIed sheep anti-mouse Ig from Amersham 
(Bucks, UK) and the Alkaline Phospatase (AP)-linked anti-mouse IgG 
from Promega Corporation (Madison, USA). 

Transient transfection 

A cDNA cocring for a full length CD95L receptor was obtained by RT- 
PCR using the synthetic oligonucleotides: GR142 GGG GGTACCA TG- 
CAATTA and GR1 15 GGCGGATCCTTAGAGCTTATATAAGCCGAAA 
and then cloned into the Kjpnl and SamHI sites of the pcDNA3 
eukaryotic expression vector (Invitrogen Corp., Sand Diego, CA). The 
integrity of the insert was confirmed by sequencing analysis, COS-7 or 
293T cells respectively by the DEAE-dextran and the Calcium- 
phosphate methods were transfected with pcDNAS or with 
pcDNA3CD95L plasmids. After 48 h, the transfected cells were 
analyzed by Flow cytometry and immunoblotting. 
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Cytotoxicity assays 

To evaluate the number of live and dead cells, the cells were treated 
with trypan blue and counted on a hemocytometer. Cells which 
showed trypan blue uptake were interpreted as non viable. To 
determine the growth inhibitory activity of the drugs tested, 2x10^ 
cells were plated into 25 mm wells (Costar, Cambridge, UK) in 1 ml of 
complete medium and treated with different concentrations of each 
dajg. After 72 h of incubation, the number of viable cells was 
determined and expressed as percent of the number of viable control 
cells. Resistance index (R.I.) for each drug was calculated from the 
ratio: IC50 in HUT78B1/IC50 in HUT78. 

Flow cytometry analysis 

The cells were washed once in ice-cold PBS and resuspended at 
1 X 10^/m! in a hypotonic fluorochrome solution containing propidium 
iodide (Sigma) 50 /ig/ml In 0.1% sodium citrate plus 0.03% (v/v) 
Nonidet P-40 (Sigma). After 30 min of incubation in this solution, the 
samples were filtered through nylon cloth, 40 mm mesh, and their 
fluorescence was analyzed as single-parameter frequency histograms 
using a FACScan flow cytometer (Becton Dickinson. San Jose, CA, 
USA). Apoptosis was determined by evaluating the percentage of 
hypoploid nuclei accumulated in the sub-Go-GI peak after labeling 
with propidium iodide (Darziynkiewick et al, 1992). For CD95L 
expression analysis cells were incubated at 4'C for 30 min with the 
NOK-1 (5 //g/ml) or an isotype matched control antibody, washed and 
treated with FITC-conjugated sheep anti-mouse Ig. Relative 
fluorescent Intensities of individual cells were analyzed using a 
FACS Calibur flow cytometer (Becton Dickinson). 

Morphological evaluation of apoptosis 

The morphological effects of the drugs were studied by fluorescent 
microscopy after labeling with acridine orange and ethidium 
bromide (Duke and Cohen, 1992). Cells (2x10^) were centrifuged 
(300 g) and the pellet was resuspended in 25 ii\ of the dye mixture. 
Thereafter 10 /zl of the cell suspension was placed on a 
microscope slide, covered with a 22 mm^ coverslip and examined 
in oil immersion with a 100 x objective using a fluorescent 
microscope. Live cells were identified by the uptake of acridine 
orange (green fluorescence) and exclusion of ethidium bromide 
(red fluorescence) stain. Live and dead apoptotic cells were 
identified by perinuclear condensation of chromatin stained by 
acridine orange or ethidium bromide, respectively, and by the 
formation of apoptotic bodies. 

Western blotting analysis of p53 and bcl-2 

Cells were lysed for 30 min at 4°C with a solution (15 //t/10® cells) 
consisting of 1% NP-40, 0.5% sodium deoxycolate, 0.1% SDS in 
phosphate buffer saline, pH 7.4, containing inhibitors of proteases 
(25 }igfrr\\ aprotinin. 1 mM phenylmethylsulfonyl fluoride (PMSF), 
10 mM sodium ortovanadate. 10 mM NaF, 25 /^g/ml leupeptin, 
0.2 mM sodium pyrophosphate) and sonicated three times for 10 s. 
Equivalent amounts of protein (40 /ig) of the supernatants, obtained 
after centrifugation at 15000 g for 20 min at 4'C, were resolved in 
SDS-poIyacrylamide gel electrophoresis (107o acrylamide). After 
electroblotting on nitrocellulose filters, proteins were immunoreacted 
for 2 h with p53 monoclonal antibody, 001, (dilution 1 : 1000), or bcl-2 
monoclonal antibody. (dilution 1 :500) followed by a 30-min incubation 
with anti-mouse IgG AP-linked antibody. Visualization was perfomned 
using nitroblue tetrazolium and bromochloro-indoyl-phosphate. 



Western blotting analysis of CD95L 

Cells were lysed in 50 mM Tris pH 7,6, 150 mM NaCI, 0.5% NP-40, 
2 /ig/mt aprotinin, 2 //g/ml leupeptin, 1 mM PMSF and an equal 
amount of proteins (30 /jg) for each sample was loaded on a 12% 
SDS- PAGE under reducing conditions and transferred to nitrocellu- 
lose. CD95L was detected with the CD95L antibodies clone 33 (0.3 fig/ 
ml) or clone G247-4 (2 pig/ml) using HRPO-coupled sheep anti-mouse 
Ig and the enhanced chemoluminescence (ECL) system (Amersham). 
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Summary. The potential role of the Fas (CD95/APO-1) 
receptor/ligand system in chemotherapeutic drug-induced 
apoptosis was examined in a number of human leukaemic 
cell lines. Flow cytometric profiles of doxorubicin -treated 
HI^60, K562, U937 and Jurkat ceUs failed to show any 
significant increase in Fas or Fas ligand expression over 24 h, 
despite the induction of significant levels of apoptosis in these 
cells. Although preincubation of human leukaemic cells with 
a neutralizing anti-Fas IgG antibody blocked anti-Fas IgM- 
induced apoptosis, this strategy failed to inhibit chemothera- 
peutic drug-induced apoptosis. To determine whether 
recruitment of the Fas/Fas ligand complex during drug- 
induced apoptosis was a cell-specific event we utilized 
the CEM cell line. Doxorubicin treatment of GEM cells over 
24 h failed to show any up-regulation in Fas or Fas ligand 
protein levels as detected by flow cytometry. Furthermore, 



neutralizing anti-Fas IgG Ab failed to inhibit chemothera- 
peutic drug-induced apoptosis in CEM cells. The present 
studies do, however, demonstrate a role for anti-Fas IgM Ab 
in producing a cytotoxic S3mergistic effect when used in 
combination with chemotherapeutic drugs. Low-dose anti- 
Fas IgM treatment in combination vAth doxorubicin, 
methotrexate, camptothecin and etoposide produced an 
augmented cytoxicity in CEM cells. Taken together these 
observations demonstrate that although recruitment of the 
Fas/APO-l/CD95 receptor/ligand system is not a necessary 
requirement for chemotherapeutic drug-induced apoptosis, 
combination of anti-Fas IgM and drug treatment produces a 
synergistic cytotoxic effect which may prove useful in the 
treatment of human leukaemias. 

Keywords: apoptosis, leukaemia. Fas, cytotoxic. 



Apoptosis is an active form of cell death which occurs largely 
under physiological conditions (Kerr et ah 1972; Wylfie et al, 
1980). It is characterized morphologically by such cellular 
features as membrane blebbing, cell shrinkage and chroma- 
tin condensation (Cohen et al, 1992). Biochemical events 
include various types of DNA fragmentation (Bortner et al 

1995) . cytoskeletal alterations and protease activation 
(reviewed in Martin & Green. 1995; Zhivotovsky et al 

1996) . The observation that cytotoxic chemotherapeutic 
drugs kill their target cells by apoptosis has provided a 
valuable insight into the treatment of human leukaemias 
(Hannun, 1997). Chemotherapeutic drugs which have been 
identified as apoptosis-inducing agents include etoposide, 
doxorubicin, methotrexate, camptothecin and vincristine 
(Hannun, 1997). The mechanism by which these 
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chemotherapeutic drugs induce apoptosis remains to be 
fuUy elucidated. Several studies have identified the activation 
of caspase 3 as a common signalling event in apoptosis induced 
by chemotherapeutic drugs and other agents (Kaufrnann et 
al 1993; Lazebnik et al 1994). Studies on the interactions of 
chemotherapeutics with modulators of apoptosis have 
provided further insight into the mechanism by which 
these drugs induce apoptosis. Modulators of apoptosis that 
have been shown to interact with chemotherapy-induced 
death include p53 (Fan et al, 1995; Eliopoules et al 1995), 
bcl'2 (Miyashita& Reed. 1993; Kamesaki etal, 1993). bcr-ahl 
(McGahon et al 1994; Bedi et al 1995) and ras (Nooteref al, 
1995). The recent evidence suggests a role for Fas/CD95/ 
APO-1 receptor/ligand system in drug-induced apoptosis 
(Friesen et al 1996; Mitzutani et al 1997; Nakamura et al, 
1997). 

In the present study we sought to determine if recruitment 
of the Fas receptor/ligand system is a common mechanism 
involved in apoptosis induced by chemotherapeutic drugs. To 
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determine the role (if any) of the Fas/Fas ligand system in 
chemotherapeutic drug-induced apoptosis we adopted a 
number of approaches. Flow cytometric analysis of a variety 
of human leukaemic cell lines treated with chemotherapeu- 
tic drugs failed to show any up-regulation of Fas or Fas ligand 
in these cells. Although preincubation with an anti-Fas IgG 
antibody prevented anti-Fas IgM-induced apoptosis in the 
leukaemic cell lines studied, this strategy failed to prevent 
chemotherapeutic drug-induced apoptosis. Incubation of 
CEM cells with anti-Fas IgM antibody and chemotherapeutic 
drugs did, however, augment the apoptotic response in these 
cells. Taken together, our observations demonstrate that 
chemotherapeutic drug-induced apoptosis in human leu- 
kaemic cells is independent of Fas/Fas ligand activation. Our 
results do, however, demonstrate a synergy between 
chemotherapeutic drugs and anti-Fas IgM Ab which may 
have useful consequences in the treatment of human 
leukaemias. 

MATERIALS AND METHODS 

Cell culture and reagents. The human cell lines K562, HL- 
60, Jurkat, U937 and CEM were grown in RFMI 1640 
(GIBCO, U.K.) supplemented with 10% FCS (GIBCO, U.K.) and 
2 mM L-giutamine (GIBCO, U.K.). Cells were grown at SZ^'C in 
a humidified CO2 atmosphere and were routinely subcul- 
tured every 2-3 d. All cytotoxic drugs used in this study were 
purchased from Sigma, U.K. Stock solutions of actinomycin 
D, camptothecin and etoposide were prepared in DMSO 
(Sigma, U.K.). Stock solutions of doxorubicin and metho- 
trexate were freshly prepared in sterile ddH20 and O OIm 
NaOH, respectively, before each experiment to ensure 
reproducibility of results. 

For the induction of apoptosis by cytotoxic drugs, cells 
(2-5xIO^/ml) were seeded in 96-weli plates and incubated 
in varying concentrations of drugs and cell death (%) was 
assessed at various time points. Similarly, for the induction of 
apoptosis by Fas ligation, cells (2-5 x 10^/ml) were seeded in 
96-well plates and incubated for 6h with 20 /il of anti- 
human Fas IgM mAb (Upstate Biotechnology) at a dilution of 
1:50 (0*2^g/ml final concentration) in RPMI 1640. For 
blocking Fas, cells were preincubated for SOmin with 2 /xg/ 
ml anti-Fas IgG, clone SMI /I (Bender MedSystems, U.K.) 
and treated as described. 

Assessment of cell death and apoptosis. Cell death was 
quantitated by morphological assessment of stained cytos- 
pun preparations and also by flow cytometry. Rapi-diff n 
(Paramount Reagents Ltd, U.K.) stained cytocentrifuged cell 
preparations were examined for the morphological char- 
acteristics of apoptosis using previously defined criteria 
(Wyllie et al 1980; Gorman a/. 1996). Typical identifiable 
apoptotic features included membrane blebbing and chro- 
matin condensation. Apoptosis was quantitated by scoring 
triplicate fields of cytospun samples with a minimum of 100 
cells per field. 

The criteria for cell death as measured by flow cytometry was 
based on the foflowing parameters: changes in light scattering 
properties of dead cells due to ceU shrinkage and increased 
granularity (Cotter et al 1992; McGahon etal 1994). 



Flow cytometry and detection of Fas/Fas ligand expression. 
For the detection of Fas ligand expression, 5 x 10^ ceUs were 
harvested and fixed in PBS, 1% (w/v) p-formaldehyde for 30 
min at room temperature. CeUs were washed in PBS/0-1 m 
glycine to quench any remaining formaldehyde groups. 
Following a further wash in PBS, 0-1% (w/v) BSA, ceUs were 
permeabilized in PBS/0-1% (v/v) Triton X-100, for 5 min at 
room temperature. CeUs were stained for 1 h on ice using 
20 ^\ of a polyclonal anti-human IgG Fas ligand, N-20, 
(Santa Cruz Inc.) at a 1:50 dflution in PBS/1% BSA. Cells 
were subsequently washed twice with PBS/0-1% BSA 
and incubated for 30 min with 20/^1 of a 1:100 dilution of 
FITC-conjugated goat anti-rabbit IgG (Sigma, U.K.). Foflow- 
ing a further wash in PBS/0-1% BSA, then PBS, samples 
were read on a FACS flow cy tometer equipped with CeUQuest 
software. 

For the detection of Fas protein levels, cells (5x10^) were 
harvested, washed in PBS and incubated for 1 h in 20 /xl of 
PBS/1% BSA containing a 1:50 dilution of anti-human 
Fas mAb (Upstate Biotechnology, U.S.A.). Foflowing the 
series of washing steps as described above, cells were 
incubated for 30 min with 20^1 of a 1:100 dilution of 
FITC-conjugated goat anti-mouse IgM (Sigma, U.K.). Cells 
were subsequently washed and fluorescence measured on a 
FACScan flow cytometer as described above. 

RESULTS - 

Doxorubicin-induced apoptosis occurs independently of Fas/Fas 
ligand activation in human leukaemic cell lines 
To determine the role (if any) of the Fas/Fas ligand complex 
in chemotherapeutic drug-induced apoptosis in human 
leukaemic cefls, we adopted a flow cytometric approach. 
Flow cytometric analysis of HL-60, a human promyelocytic 
leukaemic cell line, U937, a human monoblastoid line, and 
Jurkat, a T lymphoblastoid cell line, demonstrated that these 
cells were positive for both Fas and Fas ligand expression (not 
shown). K562, a ceU line derived firom a patient with CML, 
stained negative for Fas expression (not shown). These ceUs, 
however, did express Fas ligand. 

We reasoned therefore that if Fas or Fas ligand is indeed 
involved in chemotherapeutic drug-induced apoptosis we 
should be able to detect an increase in either of these proteins 
levels following drug treatment of cefls. Fig 1(A) shows a 
dose response of doxorubicin on the human leukaemic ceU 
lines studied. The susceptibflity to apoptosis foflowing an 
overnight incubation in doxorubicin was measured using 
previously defined morphological criteria (Wyllie et al 1980; 
Gorman et al, 1996). Each of the cefl lines varied in its 
susceptibility to doxorubicin, reflecting different abilities to 
cope with toxic insult. 

Monitoring of both Fas and Fas ligand levels in human 
leukaemic cefls. by flow cytometry at T4, T8 and T24 hours 
following doxorubicin treatment failed to show any sig- 
nificant change in either of the proteins levels, irrespective of 
the drug concentration used (Fig iB). Similar results were 
obtained with the well-documented chemotherapeutic 
drugs: methotrexate, camptothecin, etoposide and actino- 
mycin D (data not shown). 
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Fig 1(A). Dose-dependent susceptibility of human leukaemic cell lines to 
doxorubicin-induced apoptosis. Cells (2*5 xloVml) were seeded in 96-well 
plates and incubated overnight (18 h) in varying concentrations of doxor- 
ubicin. Apoptosis was assessed by morphological criteria as described in 
Materials and Methods. Results are shown as mean apoptosis of triplicate fields 
of cytospun samples with a minimum of 100 cells per field ± standard 
deviation. 
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Fig 1(B). Flow cytometric profiles of Fas and 
Fas ligand levels in doxorubicin-treated human 
leukaemic cell lines. Cells (2*5x lOVml) were 
seeded in 96-well plates and incubated 
overnight in varying concentrations of 
doxorubicin. Cells were subsequently stained 
for Fas and Fas ligand expression as described 
in Materials and Methods. Untreated ceils were 
stained with an FTTC-conjugated secondary 
antibody alone ('control'), or with both 
primary and secondary antibodies 
('untreated'). Data are for the 8 h time point 
and are similar to those seen for the 4 and 24 h 
time point except for HL-60 cells, where 
extensive apoptosis had taken place. 
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Fig 2. Inhibition of Fas-induced apoptosis in human leukaemic cell lines by anti-human Fas IgG Ab, The human leukaemic cell types indicated 
were preincubated with an anti-human Fas IgG antibody (1:50 dilution) for SOnnLin. U937, Jurkat and HL-60 cells were then subjected to a 
further 4, 6 and 24 h incubation respectively in the presence of anti-human Fas IgMmAb, Apoptosis was assessed by morphological criteria as 
described in Fig lA. 



Inhibition of Fas-induced apoptosis in human leukaemic cell 
lines 

Several research groups have demonstrated the ability of a 
neutrali2ing anti-Fas IgG antibody to inhibit apoptosis 
induced by anti-Fas IgM Ab (Liles et al, 1996; Usiu et al, 
1996). We reasoned, therefore ^ that if the Fas pathway was 
involved in chemotherapeutic drug-induced apoptosis, then 
effective blocking of this pathway using a neutralizing anti- 
Fas IgG Ab should inhibit the drug-induced death. 

Fig 2 shows that preincubation of HL-60, U937 and Jurkat 
cells with neutralizing anti-Fas IgG mAb showed a significant 
inhibition of anti-Fas IgM4nduced apoptosis in these cells. 

Chemotherapeutic drug-induced apoptosis in human leukaemic 
cells occurs independently of the Fas receptor/ ligand complex 
Preincubation of the human leukaemic cell lines studied 
with neutralizing anti-Fas IgG Ab failed to inhibit their 
susceptibihty to both Doxorubicin and Etoposide-induced 
apoptosis (Figs 3A and 3B), further negating a role for the 
Fas pathway in drug-induced death in these cells. Similar 
results were obtained for methotrexate, camptothecin, 
etoposide and actinoraycin D (data not shown). 

Involvement of the Fas/ Fas ligand complex is not a necessary 
requirement for doxorubicin-induced apoptosis in CEM cells 
To determine whether the involvement of the Fas receptor/ 
ligand system during chemotherapeutic drug-induced apop- 
tosis is cell type specific, we made use of the CEM cell line. 
This acute T-ALL cell line has been previously demonstrated 
to recruit the Fas/Fas ligand complex during drug-induced 
apoptosis (Friesen et al 1996). 

Flow cytometric monitoring of CEM cells over a 24 h period 
following doxorubicin treatment failed to show any 
significant change in Fas or Fas ligand protein levels 
(Fig 4), despite the use of therapeutic concentrations of 
this drug. Similar results were obtained for methotrexate, 



camptothecin, etoposide and Actinomycin D (data not 
shovra). 

Inhibition of Fas-induced apoptosis in CEM cells by anti-human 
Fas IgG antibody, and failure of this neutralizing Ab to inhibit 
chemotherapeutic drug-induced apoptosis 
The above observations led us to further question the role of 
the Fas receptor/complex system in chemotherapeutic drug- 
induced apoptosis in CEM cells. Using the same rationale as 
that described for the other human leukaemic cell lines 
studied, we sought to block drug-induced apoptosis in CEM 
cells with a neutralizing anti-Fas IgG Ab, Anti-Fas IgG 
antibody significantly inhibited anti-Fas IgM-induced apop- 
tosis in CEM cells (Fig 5). 

Preincubation of CEM cells with anti-Fas IgG Ab, however, 
did not inhibit apoptosis induced by a variety of chemother- 
apeutic agents (Fig 6). These observations are suggestive of a 
Fas-independent pathway operating in these cells upon 
chemotherapeutic drug treatment. 

Synergistic cytotoxic effect of anti-Fas IgM 
and chemotherapeutic drugs in CEM cells 
There have been a number of recent publications 
documenting a synergistic effect of anti-Fas IgM and 
cytotoxic drugs (Morimoto et al, 1993; Mitzutani et al, 
1997; Nakamura et al 1997). In order to determine if such 
a synergistic effect was operating in CEM cells, we titrated a 
number of chemotherapeutic drugs ± anti-Fas IgM in these 
cells. Low-dose anti-Fas IgM treatment in combination 
with a number of chemotherapeutic drugs resulted in an 
augmented cytotoxic activity which was strongly sugges- 
tive of synergy (Fig 7). The synergy obtained with anti-Fas 
IgM antibody and chemotherapeutic drugs was specific as 
anti-Fas IgG, or a number of other irrelevant antibodies 
resulted in no synergistic or additive effects (data not 
shown). Taken together, these observations demonstrate 
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Fig 3(A). Preincubation of human leukaemic 
cell lines with neutralizing anti-Fas IgG 
antibody does not inhibit susceptibility to 
doxorubicin-induced apoptosis. The human 
leukaemic ceU types indicated were 
preincubated with anti human Fas IgG 
antibody (1:50 dilution) for 30 min. The cells 
were then subjected to a further 1 8 h 
incubation in the presence of varying 
concentrations of doxorubicin. Apoptosis was 
assessed by morphological criteria as described 
previously. Results are shown as mean 
apoptosis of triplicate fields of cytospun 
samples with a minimum of 100 cells per 
field ± standard deviation. 



Fig 3(B). Preincubation of human leukaemic 
cell lines with neutralizing anti-Fas IgG 
antibody does not block etoposide-induced 
apoptosis. The human leukaemic cell types 
indicated were preincubated with anti-human 
Fas IgG Ab as in Fig 3(A). and subjected to a 
further 18 h incubation in the presence of 
varying concentrations of etoposide, Apoptosis 
was assessed as previously described. 



© 1998 Blackwell Science Ltd. British Journal of Haematology 101: 539-547 



-544 Anne J. McGahon et al 

Fas expression in Dox-treated CEM cells 



T4hrs 



T8hrs 



B 




1 Hg/ml 
0.1 ng/ml 
0.001 ^g/ml 
Untreated 
FITC Control 




1 ^ig/ml 
0.1 (ig/ml 
0.001 Mg/ml 
Untreated 
FITC Control 



T24hrs 




l>lg/ml 
0.1 Hg/ml 
0.001 }ig/ml 
Untreated 
FITC Control 



Fas ligand expression in Dox-treated CEM cells 



T4hrs 



T8hrs 



U 




1 Jig/ml 
0.1 |ig/ml 
0.001 ^g/ml 
Untreated 
FITC Control 




1 [ig/ml 
0.1 ^g/ml 
0.001 us/ml 
Untreated 
FITC Control 




1 jig/ml 
0.1 ^g/ml 
O.OOl jig/ml 
Untreated 
FITC Control 



log Fluorescence 



Fig 4. Flow cytometric profiles of Fas and Fas 
ligand levels in doxorubicin-treated CEM cells. 
Ceils (2-5xl0Vml) were seeded in 96 well 
plates and incubated for 24 h in varying 
concentrations of doxorubicin. Untreated CEM 
cells were stained with an FITC-conjugated 
secondary antibody alone ('control'), or with 
both primary and secondary antibodies 
('untreated') and analysed by flow cytometry 
as described in Materials and Methods. 
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Fig 5. Inhibition of Fas-induced apoptosis in CEM cells by anti-human Fas 
IgG Ab. CEM cells were preincubated with an anti-human Fas IgG antibody 
(1:50 dilution) for 30min. The cells were then subjected to a further 6 h 
incubation in the presence of anti-human Fas IgMmAb. Apoptosis was assessed 
by morphological criteria as previously described. Results are shown as mean 
apoptosis of triplicate fields of cytospun samples with a minimum of 100 cells 
per field ± standard deviation. 
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Fig 6. Preincubation of CEM cells with 
neutralizing anti-Fas IgG Ab does not inhibit 
susceptibility to cytotoxic drug-induced 
apoptosis. CEM cells were preincubated with 
an anti-human Fas IgG antibody (1:50 
dilution) for 30min, Cells were then subjected 
to a further 18 h incubation in the presence of 
the drugs indicated, after which apoptosis was 
assessed by morphological criteria. Results are 
shown as mean apoptosis of triplicate fields of 
cytospun samples with a minimum of 100 cells 
per field ± standard deviation. 



Fig 7. Synergistic effect of anti-Fas IgM Ab on 
cytotoxic drug-induced apoptosis in CEM cells. 
CEM cells (2*5 X 10^/ml) were either incubated 
in the presence varying concentrations of the 
drugs indicated ± anti-human Fas IgM at a 
concentration of 10 ng/ml for a 6 h period. 
Apoptosis was assessed as previously 
described. 
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that chemotherapeutic drug-induced apoptosis in human 
leukaemic cells can occur in the absence of Fas receptor/ 
ligand recruitment. A combination of chemotherapeutic 
drugs and anti-Fas IgM Ab can, however, exert a 
synergistic cytotoxic effect in leukaemic cells . 

DISCUSSION 

There are a growing number of recent publications which 
document a role for the Fas (CD95/APO-1) receptor/Iigand 
complex in drug-induced apoptosis (Friesen et al, 1996; Uslu et 
al, 1996; Mitzutani et al, 1997; Muller et al, 1997). In the 
present study we examined a potential role for the recruitment 
of the Fas receptor/Iigand complex as a common mechanism 
in chemotherapeutic drug-induced apoptosis. Using flow 
cytometric analysis of the human leukaemic cell lines 
HI^60, K562, Jurkat. U937 and CEM, we have shown that 
apoptosis induced by chemotherapeutic drugs can occur 
independently of Fas/Fas ligand involvement. Treatment of 
these leukaemic cells with such diverse chemotherapeutic 
drugs as doxorubicin, acdnomycin D, camptothecin, etoposide 
and methotrexate failed to induce any up-regulatioh in Fas or 
Fas ligand levels. Furthermore, the observation that although 
ana-Fas IgG neutralizing antibody effectively blocked anti-Fas 
IgM-induced apoptosis in human leukaemic cells, but failed to 
block chemotherapeutic drug-induced apoptosis, provides 
further evidence that drug-induced apoptosis may occur 
independently of the Fas/Fas ligand system in these cells. 

Muller et al (1997) have recently demonstrated that the 
up-regulation of the Fas/Fas ligand system in hepatoma cells 
following drug treatment is preceded and directed by p53 up- 
regulation. Furthermore, transfection of K 5 62 cells (Owen- 
Shaub et al, 1995; unpublished observations) and HI^60 
cells with a temperature-sensitive p53 mutant induced Fas 
expression and subsequent apoptosis in these cells (Ronen et 
al, 1996). In light of these observations, it has been 
suggested that the p53 status of the cell may determine the 
recruitment of the Fas/Fas ligand during drug-mediated 
apoptosis (Krammer, 1997). It is of particular significance 
therefore that the human leukaemic cell lines used in our 
studies have been proved to be either p53 null (HL-60, U937, 
Jurkat) (Wolf & Rotter, 1985; Danova et al 1990) or 
synthesize negligible p53 (K562) (Danova et al, 1990). It is 
possible therefore that their inherent lack of p53 expression 
results in an inability to induce Fas/Fas ligand up-regulation 
upon drug treatment. CEM cells do, however, possess 
compound heterozygous mutations in p53 at codons 175/ 
248, but retain the ability to produce p53 which can complex 
with DNA as well as transactivate (Park et al, 1994). The 
present observations involving an apparent lack of Fas/Fas 
ligand up-regulation in CEM cells following drug treatments 
suggest that the residual p53 activity is insufficient to regulate 
Fas/Fas ligand up-regulation in our cells. 

The intracellular mechanisms responsible for transducing 
the apoptotic signals generated by chemotherapeutic agents 
have yet to be fuUy elucidated. The cytolytic action of 
chemotherapeutic agents may involve both p53 dependent 
(Lowe et al, 1993a, b) and p53-independent pathways 
(Donehower et al, 1992; Clarke et al, 1993). Moreover, this 



cytolytic action may involve several levels of interference 
wit^i endogenous apoptosis pathways. The current observa- 
tions involving a number of p53 null leukaemic cell lines 
represent a formal demonstration that chemotherapeutic 
drug-induced apoptosis can occur in the absence of both p53 
expression and Fas/Fas ligand up-regulation. It remains a 
possibility however, that although chemotherapeutic drug- 
induced apoptosis and Fas-mediated apoptotic cell death 
involve two distinct signalling pathways, they may converge 
or share a common component downstream in the apoptotic 
pathway. Such common components may include mitochon- 
drial depolarization (Kroemer, 1997), cytochrome c release 
(Krippner et al, 1996) and the activation of ICE-like proteases 
(Kaufman et al, 1993; Lazebnik et al, 1994). 

The present observation that chemotherapeutic drug- 
induced apoptosis in a human leukaemic cell line is in fact 
augmented by anti-Fas IgM treatment lends support to the 
above hypothesis. Preincubation of CEM cells with low-dose 
anti-Fas IgM antibody in combination with chemotherapeu- 
tic drugs resulted in a synergistic cytolytic effect. We have 
recently extended our observations to a number of other 
tumour cell types (unpublished observations). These results 
are of particular importance given the increasing incidence 
of multidrug resistance in human leukaemias (for recent 
review see Preisler, 1995). Combination therapy involving 
the use of low-dose anti-Fas IgM and chemotherapeutic 
drugs may prove a useful tool in overcoming such resistance. 
Furthermore, low-dose combination therapy may avoid 
some of the potentially deleterious side-effects associated 
with a high-dose regimen. 
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i Hypoxia-Selective Antitumor Agents. 8. Bis(nitroimidazolyl)alkahecarboxamide8: 
^ A New Class of Hypoxia-Scslective CytcHoxin^-and^y poxic C c l j^Radio s e nsiti sers 
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A series of novel bis(nitroimida2olyl)alkanecarboxamides has been prepared and evaluated for 
hypoxia-selective cytotoxicity and hypoxic cell radiosensitisation in vitro and in vivo. The 
compounds were prepcu-ed by direct coupling of preformed side chain acid and amine components, 
using diethyl phosphorocyanidate at room temperature. Although designed to be bis-bioreducti ve 
prodrugs of DNA cross-linking agents, none of the compounds showed evidence of DNA cross- 
linking activity, being equally potent against cell lines deficient and proficient in repair of cross- 
links. However, one of these compounds, JV-[2-(2-methyl-5-nitro-Lff-imidazolyl)ethyl]-4-(2-nitro- 
lH-imidazolyl)butanamide (10; SN 24699), showed high hypoxic selectivity as a cytotoxin (rising 
to 200-fold after exposinre to the drug for several hours) in the repair-proficient Chinese hamster 
cell line AA8. This selectivity was greater than observed for the alkylating 2-nitroimida2ole (4; 
RB 6145) (40-fold) or simple mononitroimidazoles (5-25-fold), Investigation of structure-activity 
relationships for hypoxic selectivity of bis(nitroimidazoles) was restricted by their low aqueous 
solubflity, but a certain minimum separation of the two nitroimidazole imits (by more than five 
atoms) appears desirable. All the compounds radiosensitized hypoxic cells in vitro but were Uttle 
more potent as radiosensitizers than the corresponding monomeric nitroimidazoles. Compound 
10 caused additional cell killing in the KHT tumor when multiple drug doses were administered 
in combination with a single dose of radiation. It is not yet clear whether this activity reflects 
hypoxic cell radiosensitization or cytotoxicity toward hypoxic cells, but this new class of bis- 
bioreductive agent clearly warrants further investigation. 



The existence of hypoxic cells in tumors^ has long been 
recognized as a^ajor problem in radiotherapy^ and is 
also a potential problem in the chemotherapj^ of cancer. 
The development of drugs which combat this problem, 
using hypoxia as a basis for achieving timior selectivity,^ 
focused first on compoimds (oxygen-mimetic radiosensi- 
tisers) capable of sensitising hypoxic cells to radiation.^ 
More recently, there has been an increasing interest**^'^ in 
the development of drugs (hypoxia-selective cytotoxins, 
HSCs) which act indirectly as radiosensitizers by them- 
selves killing radioresistant hypoxic cells. 

To be effective, such drugs need to penetrate to the 
hypoxic regions of solid tumors by extravascular diffusion, 
to undergo selective activation in these regions, and to 
generate cytotoxic metabolites following activation. This 
activation is usually by metabolic reduction, and most 
HSCs can thus be described as bioreductive drugs. One 
major class of HSCs are the 2-nitroimidazole8, which 
undergo enzymatic reductioii of the nitro group via the 
one-electron reduction product This initial step in 
nitroreduction can be efficiently reversed by oxygen, 
resulting in preferential metabolism ini hypoxic cells.^ 

Thus the 2-nitroimidazoIe misonidazole (I) shows an 
hypoxic selectivity of ca. 20-fold in AA8 cells in culture,^®-^ 
and is known to undergo 4-electron reduction to the 
unstable^^ hydroxylamine 2, but has low cytotoxic potency. 
In comparison, the 2-nitroimidazole aziridine analogue 
(3; RSU- 1069)^2 Qjjy much higher cytotoxicity 
than misonidazole, but also shows enhanced selectivity 
for hypoxic cells (ca. 50-100-fold).^0'i3 While the pre- 

doxninant mechanism of cytotoxicity of this compound 

•> 
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under aerobic conditions is DNA monoalkylation by the 
aziridine, reductive metabolism converts it into a much 
more toxic bifimctional alkylating agent capable of cross- 
linking DNA.^^ This compound received clinical trial, but 
severe emetic side effects (attributed to the aziridine 
moiety) were found.^^ More recently, interest has centered 
on a prodrug of 3, the 2-bromoethyl compound (4; RB 
6145),^® This compound is rapidly converted to 3 in vitro 
and in vivo and shows equivalent activity as a radiosen- 
sitizer and an HSC, but is less emetic and has pronounced 
oral activity.^^ 



NHOH 



OMe 



OMe 



OH 



OH 



■ N y\ 




41 O 

However, neither aziridines nor 2-haloethyl precursor 
moieties have selectivity for hypoxic cells, being direct 
DNA-alkylating functions. Further gains in h3^oxic 
selectivity might, in principle, be achieved by replacing 
this oxygen-insensitive DNA alkylating moiety with a 
bioreductive electrophile, thus restricting activation of the 
electrophilic center to hypoxic cells. Such a compound 
could be termed a "bis-bioreducti ve** agent, in that oxygen- 
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Table 1. Structural and Physicochemical Data for Bis(nitroimida2olyl> Carboxamides 

R r(CH2)nCONH(CH2)m-R2 
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mp, *C 


formula 


anal. 




sol* 


I 




mispnidazole 












>120 


4 






RB6145 












-0.79 


5 




metronidazole 












-0.80 
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A 


3 


2 


A 


149.5-150.5 


CwHxsNtOs 




-1.55 


4.2 


7 


A 


2 


3 


A 


124-125 


C12H15N7O5 




-1.55 


21 


8 


A 


1 


2 


B 


nc* 


CnHiaNTOs 




-1.03 


69 


9 


A 


2 


2 


B 


144.5-145.5 


C12H16N7O5 


C,H;N/ 


-0-99 


13 


10 


A 


3 


2 


B 


129 


C13H17N7O5 


C,H;N' 


-1.28 


20 


11 


A 


4 


2 


B 


13e-137.5 


C14H19N7O5 




-0.79 


8.6 


12 


A 
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2 


B 


133-134 


CisHziNtOb 


CM^ 


-0.22 


2.1 


13 
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2 


C 


nc« 


CizHnNeOs 


HRMS- 


1.32 


408 


14 
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3 


2 


D 


175.5-177 


CwHisNtOs 


CJI;N« 


-1.55 


2.3 


15 


A 


3 


2 


£ 


152.5-153 


C12H15N7O5 


CM^ 


-1.55 


5.5 


16 


B 


1 


2 


B 


nc* 


C12H15N7O5 




-0.76 


36 



« Calculated using the program CLOGP (version 3.51, BioByte Corp., Claremont, CA 91711). * Solubility in millimolar in oMEM + 5 % PCS, 
measured by UV spectrophotometry. N: calcd, 29.07; found, 29.74. « Noncrystalline. ' N: calcd 29.07; found, 29.90. ' N: calcd 27.91; found 
28.46. ^ N: calcd 26.84; found 27.43. • High-resolution mass spectrometry. J N: calcd 29.07; found 28.32. 
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NH2NH2. 



inhibitable reduction of two centers would be required for 
full cytotoxicity. We have recently shown^* that another 
bis-bioreductive agent can achieve very high levels of 
hypoxic selectivity (> 1000-fold). 

In this paper we report the synthesis and evaluation as 
HSCs and hypoxic cell radiosensitizers of a series of bis- 
(nitroimidazolyl) compounds (6-16) (Table 1), linked by 
an alkanecarboxamide chain. Nitroimidazoles were se- 
lected as the nitroarene units, since examples of 2- and 
5-nitroimidazoles have been shown to have hypoxic 
selectivity due to the generation of reactive intermediates 
following nitro reduction in cells. 

Despite ring fragmentation during nitro reduction xmder 
some conditions,^® the N-1 side chain of misonidazole is 
known to be retained during covalent binding to macro- 
molecules.2*> This suggests that linkage of bis(nitro- 
imidazoles) via the N-1 positions might be stable to 
reduction, at least in the case of bis(2-ni^oimidazoles), 
and that reactive bifunctional molecules could thus be 
generated under hypoxic conditions. In the present study, 
linkage of the two nitroareiie units was effected at the 



1- positions through N-alkyl chains. These linkers ensure 
electronic isolation of the two nitroimidazole units, avoid- 
ing significant perturbation of nitro group reduction 
potentials. A carboxamide linking functionality was 
chosen for its high hydrophilicity (fragment constant f ^ 
-2.71)21 and for S3nithetic flexibility. 

Chemistry 

The carboxamide-linked bis(nitToimidazoles) were pre- 
pared by coupling of preformed side chain add and amine 
components. A key amine intermediate, 2-(2-methyl-5- 
nitro-lH-imidazolyl)ethylamine (19), was prepared by 
nucleophilic displacement of metronidazole mesylate 17 
by NaN3, and subsequent reduction of the azide 18 to the 
amine 19 (Scheme la). Alkylation of imidazole with (2- 
bromoethyl)phthalimide gave the phthalimide 20, and 
phthalimide exchange with hydrazine monohydrate gave 

2- (lH-imidazolyl)ethylam]ne (21) (Scheme lb). 2-Nitro- 
imidazole was similarly elaborated with (2-brpmoethyI)- 
phthalimide and (3-broiQ[iopj^pyl)phthalu^ 

amines (23^ and 25)«. Ainin^ 27. a^ 



fHypoxia'Selectwe Antitumor Agents 
Scheme 2' 



MeSOo< 



NH-tBoc 



, 26 : n o (CH2)2NHBoc 

"L^ 27:R-( 



-(CH2)2NH2 



■ H 

28:R-(CH2)2NHB0C 



-29:R-{CH2)2NH2 



« (i) K2CO3/DMF/IIO 'C; (ii) HCVMeOH/20 
Scheme 3* 




Me 
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N02 

\=J 
"I 



ROOC 

. 1— 31 : R - CHjCHjOH . i — 33 : R - Me 



ROOC(CH2)„-N^^^N 



35^^ : R - Me, n - 3.4.5 



36^«40 : R - H. n - 3.4^ 



- 32 : R - CHjCOOH 34 : R - H 

« (i) CrOa/MezCO; (ii) I(CH2)2OTHP/K2CO3/DMF/110 *»C; (iii) 
HCl/MeOH/20 **C; (iv) CHr=CHCOOMe/KF-aiumina/100 **C/18 
h; (V) Br(CH2)DCO2Me/K2CO3/DMF/110 **C; (vi) HCl/20 »C/18 h. 

more conveniently by alkylation of 4-nitroimidazole with 
iV-[{teri-butoxycarbonyl)mesyl]ethylainine under basic 
conditions (Scheme 2). This procedure afforded a 6:1 
mixture of the 4-nitro and 5-nitro isomers of iV-Boc-2- 
(nitro-lH-imidazolyUethylamine, 26 and 28, which were 
separated by flash chromatography, and hydrolyzed to 
the amines under acid conditioris. 

2- (2-Methyl-5-nitro-]if-imidazolyl)aceticacid (30) was 
prepared by Jones' oxidation of metronidazole (5) (Scheme 
3). 2-(2-Nitro-lH-imida2olyl)acetic acid (32) was prepared 
by alkylation of 2-nitroimidazole with the tetrahydro- 
pyranyl ether of 2-iodoethanol under basic conditions, 
foUowed by deprotection to the alcohol 31 and Jones' 
oxidation. 4-(2-Nitro-lff-imidazolyl)butanoic acid (36) 
and the higher homologues (38 and 40) were prepared by 
alkylation of 2-nitroimida2ole with the appropriate o)- 
haloalkyl esters, followed by mild acid hydrolysis of the 
resulting esters (35, 37, 39). Attempts to hydrolyze 
corresponding nitriles to the adds under more vigorous 
conditions (AcOH/HCl mixtures) resulted in partial 
substitution of the imidazole nitro group by chlorine. 

3- (2-Nitro-lH-imidazolyl)propionic acid (34) could not 
be prepared by alkylation of 2-nitroimidazole with 
3-halopropiomc acid esters under basic conditions. Cou- 
pling of the preformed 2-nitroimidazole salt with either 
3-halopropionic acid esters or methyl acrylate, using 18- 
crown-6 in acetonitrile, was also unsuccessful Presimiably 
the nitroimidazolyl anion is sufficiently basic to dehy- 
drohalogenate the reagents, giving the acrylic acid ester. 
Reaction of 2-nitroimidazole with a large excess of methyl 
acr>date with 18-crown-6 and KjCOs^ gave mostly starting 
material and only poor yields (5-10%) of the ester 33, 
which was hydrolyzed to give the desired propionic acid 
34. The yield of ester could be raised to 36% by using 
KF/alumina23 as a catalyst 

Coupling of the various amine and acid fragments was 
best adiieved using diethyl phosphorocyanidate (DEPC)^ 
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(Scheme 4): Reaction at room temperature for 16 h, 
followed by chromatographic purification and crystalli- 
zation, gave moderate to good yields of the amides, free 
ofstartingmaterials. Several other condensation methods, 
including carbonyldiimidazole, acyl halide, and mixed 
anhydride, were significantly inferior. 

Biological Studies 

The cytotoxicities of the compounds against a panel of 
four cell lines (the Chinese hamster lines AA8 and UV4, 
the murine mammary carcinoma EMT6, and the human 
melanoma FME) were determined under aerobic condi- 
tions using a growth inhibition microassay which has been 
described in detail previously.^ The UV4 cell line, a repair- 
defective mutant derived from AA8, is hypersensitive to 
agents whose cytotoxicity is due to bvdky DNA adducts 
or cross-links^ and was thus used to provide initial 
information on mechanisms of cytotoxicity. 

The cytotoxic potencies of the compounds were com- 
pared under aerobic and hypoxic conditions by clonogenic 
assay of stirred plateau-phase AA8 cultures, continuously 
gassed with 5% CO2 in air or N2, as described previ- 
ously.^*^ Detailed studies of selected compoimds in this 
series show a complex relationship between cell killing, 
drug concentration, and duration of exposure.^ While 
the parameter CTio (concentration of drug X time for 10 % 
survival) was essentially constant under aerobic conditions, 
for some drugs this parameter decreased progressively 
under hypoxia (see Figin-e 2 for an example) so that hypoxic 
selectivity was greater using low drug concentrations and 
long exposure times. Hypoxic selectivity was assessed as 
the ratio (aerobic CTio/hypoxic CTio) at the same time, 
and ranges of this ratio over the drug exposure period of 
1-8 h are shown in Table 3. 

Radiosensitization was also examined in stirred AA8 
cultures, under the same conditions as for the toxicity 
assays. Briefly, suspensions of hypoxic AA8 cells were 
exposed to drug for 30 min and then irradiated with a ^Co 
7 source at 37 ®C. Radiation dose-response curves were 
generated at a range of drug concentrations to define the 
concentration required to give a sensitizer enhancement 
ratio (SER; ratio of radiation doses for 10% survival with 
and without drug) of 1 j6 (C^e), and these results are given 
in Table 3. The in vitro therapeutic index (IVTI = aerobic 
ICso/hypoxic Cis) was caloilated as a measure of hypoxic 
cell radiosensitizing potency relative to aerobic cytotoxicity 
(Table 3). 

Drug uptake was assessed by HPLC, after exposing the 
cells to drugs at the C1.6 concentration for 30 min at 37 **C. 
Efficiencies of drug recovery from the cellular and 
extracellular compartments were determined in separate 
experiments by spiking cell pellets and medium at 
concentrations close to those estimated in the uptake 
experiments, and average intracellular concentrations at 
the C1.6 (Ci.6(i)) were calculated. 

Compound 10 was compared with misonidazole (1) in 
its ability to kill or radiosensitize hypoxic cells in KHT 
tiunors growing subcutaneously in CsH/HeN mice. The 
compounds were administered using single or multiple 
doses of 2.5 mmol/kg, this being the maximum ip dose of 
10 which could be administered due to solubility limita- 
tions. 

Results and Discussion 

Physicochemical Properties. The structures and 
physicochemical properties of the bis(nitroimidazoles) 
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Table 2. Aerobic Toxicity of the Bis(nitroimida2ole) Derivatives 
of Table 1 As Determined by Growth Inhibition in Four Cell 
Lines 



hypersensitivity factor* 



no. 


AA8 


UV4 


EMT6 


FME 


1 


12.1 ± l.V 


1.4 ± 0.1 


3.6 ± 0.9 


1.9 ±0.2 


4 


0.15 ± 0.02 


5.9*'±0.9 


1.6 ± 0.1 


1.0 ±0.1 


5 


23±2 


1.0 ± 0.1 


1.0 ± 0.1 


1.0 ± 0.2 


6 


ca.3' 








7 


6.1 ± 0.7 


L2±0.1 


3.5 ± 0.1 


3.9 ±0.1 


8 


4.7 ± 0.4 


1.0 ±0.1 


2,2 ± 0.5 


2.1 ± 0.2 


9 


5.5 ± 0.1 


0.9 ± 0.2 


2.5 ± 0.4 


2.9 


10 


7.2 ± 0.8 


1.4 ± 0.2 


1.3 ± 0.2 


4.6 ± 1.2 


11 


3.8 ± 0.2 


1.2 ±0.1 


1.7 ± 0.1 


3.5 ± 0.4 


12 


ca. 1« 


ca. 1 


ca. 1 


ca. 1 


13 


24 ±5 


1.3 ±0.1 


4.2 ± 0.7 


3.0 ±1.3 


14 


ca.2< 








15 


>4.2^ 




>1.7 


>2.1 


16 


7.7 ± 1.5 


1.0 ± 0.1 


4.4 


2.3 



° ICso*' the concentration of drug required to reduce cell numbers 
to 50% of controls in a growth inhibition assay (see text). * Hyper- 
sensitivity factor = IC50 for AA8/IC50 f or the indicated cell line.^ Errors 
are SEM for two to eight independent determinations. Hypersen- 
sitivity factor 30 ± 8 after 18-h exposure under hypoxic conditions. 
« Tested near the solubility limit with variable results. ^ Nontoxic at 
the solubility limit. 

Table 3. Hypoxia-Selective Cytotoxicity, Cellular Uptake, and 
Radiosensitization by Bis(nitroimidazole) Derivatives in AA8 Cell 
Cultures 



cytotoxicity 



radiosensitization 





hypoxic CTio" 




uptake 








no. 


(mM-h) 


air/N2* 




(mM) 


(mM) 


IVTI/ 


1 


8.3-16* 


18-25 


0,90 


0.43 


0.40 


28 


4 


0.18-0.38 


20-40 




0.13 




1.1 


5 


100-135 


5-7 


1.3 


13.3 


17.3 


1.7 


6 


3.4 


>6h 


0.50 


1.54 


0.77 


1.7 


7 


2.5-^.2 


6.5-14 










8 


11 


2.4 


0.50 


1.08 


• 0.54 


4.3 


9 


12 


>7* 


0.60 


0.70 


0.42 


7.9 


10 


0.37-12 


8-200 


0.33 


0.63 


0.21 


11 


11 


6 


>7* 


0.52 


0.93 


0.48 


4.0 


12 


1.5 


>17* 


0.55 


0.65 


0.36 


1.2 


13 


26-39 


8-11 


0.33 


4.00 


1.32 


6.0 


14 


>15»* 




0.33 


>1.1 


>0.36 


<1.6 


15 


0.8-4.2 


>30* 


0.30 


0.90 


0.27 


>4.7 


16 


50 


2.0 


L5 


2.7 


4.1 


2.8 



' Drug concentration X time to reduce ceU survival to 10% of 
contnd values under hypoxic conditions. ^ Ratio aerobicCTi(/fayp02ic 
CTio. ^lUtioof mean intzacelhilartoextracenular drug concentration, 
determined under hypoxic conditions 30 min after exposure to the 
drug at the Cis concentration: *' Drug concentration at which the 
sensitizer enhancement ratio (SER) ~ 1.6 under hypoxia. ' Average 
intracellular drug concentration when the hypoxic SER = 1.6. ^ IVTI- 
(in vitro therapeutic index) = aerobic ICco/hypoxic C^e- ' Ranges 
indicate that values changed with time (see text). Where ranges are 
not given, toxicity was not assessed over a sufficient range of 
concentrations to estimate changes in CTio with time. ^ Not cytotoxic 
under oxic conditions at the solubility limit. * Not cytotoxic under 
hypoxic or oxic conditions at the solubility limit 

6-16 are shown in Table 1. The majority of the compounds 
possess a misonidazole-like (2-nitroumdazole) unit (Ri), 
linked through the N-1 position via an alkanecarbozamide 
chain , to a • second. nitroimidazole unit (R2) of varying 



NO2 

compounds of Table 1 



reduction potential. The E{1) values for these various 
nitroimidazoles are estimated from literature values^*^ 
as-390 mV for iV-alkyl-2-nitro, -490 mV for iV-alkyl-2. 
methyl-5-nitro, -560 mV for iV-methyl-4-nitro, and -470 
mV for iST-methyl-S-nitro isomer and assume complete 
electronic isolation by the linker chain. The solubilities 
of the compounds in the buffer used for in vitro studies 
(aMEM with 5% fetal calf serum) were determined by 
spectrophotometry. 

Relative lipophilicities (as log Poctanoi) were computed 
using the program CLOGP.^ Previous work^ has shown 
clear relationships between the therapeutic indices of 
2-nitroimidiazole radiosensitisers and measured log P 
values, with an optimal value for log P of ca. -1.4, While 
the calctdated log P for misonidazole (-1.25; Table 1) is 
seriously at variance with the measured value (-0.37),^ 
possibly due to unallowed interactions of the side chain 
OH group, the correspondence is much better for com- 
pounds bearing alkylamide side chains of the t3^e dis- 
cussed here (e.g., for etanidazole (41); measmed^ -1.34; 
calculated -1.57). 

Oyer the whole dataset, no statistically-significant 
correlation was observed between CLOGP and aqueous 
solubility, suggesting that other factors Cpossibly crystal 
packing forces) are more important determinants of 
solubility than is lipophilicity. While the isomeric bis- 
nitro compounds 6, 14, and 15 all bad similar solubilities, 
addition of a 2-methyl group to 15 to give 10 increased 
solubility 4-fold, while removal of the (hydrophilic) nitro 
group altogether (compound 13) increased solubility 
enormously. However, within the homologous series 8-12, 
aqueous solubilities did trend as expected with chain length 
and showed a correlation with CLOGP values. 

Aerobic Cytotoxicity in Vitro, The cytotoxicities of 
the compoimds against AA8 cells, measured as IC50 values 
following an 18-h exposure, are given in Table 2. For the 
bis(2-nitroinudazoles) (6 and 7), IC50 values were 3-6 mM, 
indicating cytotoxic potencies 2-4-fold greater than for 
misonidazole (1), and about 4-8-fold greater than that of 
the more closely analogous mononitro bisimidazole 13. 
The mixed bis(nitroimidazoles) with both 2-nitro and 
5-nitroimidazole units had IC50 values in the range 1-7.2 
mM, similar to those of the bis(2-nitroimidazoles). There 
was no obvious dependence on carboxamide chain length 
within the homologous series 8-12, although the two more 
lipophilic compounds (11, 12) appeared to be the most 
cytotoxic The one example (14) of a 2-nitroinudazole 
linked to a 4-nitroimidazole was not sufficiently soluble 
to determine an IC50 value. The bis(5-nitroimidazole) 16 
was about 3-fold more potent than the mono-5-nitro- 
imidazole metronidazole (5). Overall, the carboxamide- 
linked bis(nitroimidazoles) are therefore not greatly more 
cytotoxic under aerobic conditions than would be expected . 
for the molar equivalent of the mononitro compounds; 

All of the bis(nitroimidazoles) were much less cytotoxic 
tiian the alkylating 2-nitroimidazole 4.v.The latter com- 
pound was more active agaiIlst ^y4 than AAd ceUs^ . with 
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Figure L Rate of killing of AA8 ceDs by compound 4 and 10 
under aerobic (open symbols) and hypoxic (filled symbols) 
conditions. Left panel- drug concentrations 0 (O, •), 0.03 (■), 
0.13 (A), 0.75 (□), and 3.0 (A) mM. Right panel: drug 
concentrations 0 (O, •). 0.05 (■), 1.0 (A), 10 (□), and 30 (A) mM. 

a hypersensitivity factor (HF = IC5o(AA8)/IC5o(UV4)) of 
5.9, consistent with a major mechanism of C3ix)toxicity 
being DNA interstrand cross-links, as previously suggested 
for the active aziridinyl form of this agent.^***^^ In contrast, 
the bis(nitroimida2oles), like the nonalkylating mononitro 
compounds (1, 5, 13), gave HF values close to unity. This 
observation suggests that the bis(nitroiniida2oles) do not 
act as DNA cross-linking agents, at least under aerobic 
conditions. Subsequent comparisons of AA8 and UV4 
cells under hj^xic conditions have shown larger HF values 
for 4 (cau 20-foldj^consistent with increased DNA cross- 
linking due to niteoreduction. However, 10 was no more 
toxic to UV4 than AA8 cells, suggesting that it is not a 
DNA cross-linking agent, even under hypoxic conditions.^^ 
All of the compoimds tested showed similar aerobic 
cytotoxic potencies in the AA8, EMT6, and FME cell lines 
(Table 2). Thus there do not appear to be major species 
. or cell line differences in aerobic cytotoxic potency in this 
series. 

Hypoxia-Selective Cytotoxicity in Vitro. The hy- 
poxia*8elective cytotoxicities of the compoimds were 
determined by clonogenic assay, using stirred suspensions 
ofAA8 cells (Table 3), In each case, the kinetics of killing 
were assessed at several different drug concentrations 
whichgavewidelydifferentratesofkilling. Representative 
data (for compounds 4 and 10) are illustrated in Figure 
1. CTio values were calculated for each survival curve 
and were in all cases essentially independent of time imder 
aerobic conditions (Figure 2), However, under hypoxia 
CTio values often decreased with time. This trend was 
very marked for compound 10 (Figure 2), and apparent 
hypoxic selectivities were thus time-dependent Of the 
mononitro compounds, 4 was the most selective for hypoxic 
conditions, with a CTioair/CTioN2 ratio which increased 
from 20 to 40 between 1 and 8 h. Hypoxic selectivity was 
less for misonidazole (1) (18-25-fold), metronidazole (5) 
(&-7-fold) and the mononitro bis(imidazolyl) carboxamide 
bearing only one nitro group (13) (8-11-fold). 
J Evaluation of the hypoxic selectivity of the bis(nitro- 
imidazolea) was limited by the low aqueous solubility of 
many of these compounds, which often precluded mea- 
surement of aerobic cell killing under the conditions of 
the clonogenic assay. However, hypoxic cell killing could 
be quantitated for all compounds except the bi8(nitro- 
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Figure 2, Cytotoxic potency of nitroimidazoles (CTio values) 
assessed at a range of drug exposure times. Point were derived 
by interpolating the time for 10% siu^val from curves of the 
type shown ia Figure 1. Open symbols: aerobic. Filled symbols: 
hypoxia Circles: misonidazole (1). Squares: RB 6145 (4). 
TViangles: compound 10. 

imidazole) with a 4-nitro unit 14, which had both a low 
reduction potential and low solubility. The bis(2-nitro- 
imidazole) 6 and its reversed amide isomer 7 had potencies 
under hypoxic conditions which were only about 3-fold 
greater than that of misonidazole (1). The solubility of 
7 allowed determination of its hypoxic selectivity, which 
was less than that of misonidazole (1). Similar results 
were obtained for the bis(5-nitroimidazole) 16 which was 
2-3-fold more potent than metronidazole (5) tmder hy- 
poxia, but was less hypoxia-selective. 

All of the members of the homologous series of mixed 
2-nitroimidazole/6-nitroimid5izole compounds 8-11 were 
also selectively toxic xmder hj^oxic conditions, but only 
two were sufficiently soluble for their aerobic toxicities to 
be determined in the clonogenic assay. The compound of 
shortest chain length (8) showed only weak selectivity (2.4- 
fold). Its higher homologue 9 was more selective (>7- 
fold), but the OS homologue 10 was sufficiently potent 
and soluble to allow measurement of both aerobic and 
hypoxic cytotoxicity over a wide time range. Its hypoxic 
selectivity increased markedly from 8-fold at 1 h to 200- 
fold by 8 h (Figure 2 and Table 3). At the early tunes its 
hypoxic potency was similar to that of misonidazole (1), 
while at late times its potency approached that of the 
alkylating analogue 4 (Figure 2). This is consistent with 
its slow metabolic conversion to a bis-functional species. 
The corresponding compound without the 2-methyl sub- 
stituent on the 5-nitroimidazole ring (15) showed biological 
properties similar to 10, with a potency under hypoxia 
whichalso increasedmarkedly with time (Table3). While 
this compound was 3.6-fold less soluble than compound 
10, and cell killing could not be detected under aerobic 
conditions, its hypoxic selectivity was >30-fold at late drug 
exposure times. 

Radiosensitization in Vitro. All of the nitroimida- 
zoles, including the bis compounds, radiosensitized hypoxic 
AA8 cells in cultiire as expected. Representative data 
showing the relationship between SER and concentration 
are illustrated for misonidazole (1), the aziridine (4), and 
the bis(nitroimidazoIe) (10) in Figure 3. The drug con- 
centrations required to provide SER values of 1.6 (Ci.6 
values) are given in Table 3. The values for the bis- 
(nitroimidazoles) 6-15, containing one or more 2-nitroim- 
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Figure 3. Sensitizer enhancement ratios (SER) for radiosen- 
sitization of hypoxic AA8 cells by compounds 1 , 4, and 1 0 following 
incubation at 37 **C for 30 min (<^n symbols). Surviving fractions 
for unirradiated cultures exposed to drugs under identical 
conditions are shown as filled symbob. 

idazole units, were at least 2-fold lower than the value of 
430 fiM for misonidazole, with no obvious structure- 
activity relationships. Compound 16, containing two 
5-nitroimidzole units, was also more potent (by a factor 
of 5) than the mono-5-nitroimida2ole 5 (metronidazole). 
Uptake factors (the ratio of average intracellular to 
extracellular drug concentrations, CjCe) were measured 
at the Ci.6 after incubation with the drug for 30 min under 
hypoxic conditions. The value of 0.9 for misonidazole 
agrees well with that reported previously.^ Uptake factors 
for the bis(nitroimidazoles) 6-15 were significantly lower 
than this, ranging from 0.33 to 0.6. Again, no relationships 
could be discerned between uptake and either drug 
structure or overall lipophilicity, although the compotmds 
span a range of log P values from -0.22 to -1.55. The 
bis(5-nitroimida2ole) 16 had a somewhat higher uptake 
factor of 1.5. 

When these uptake factors are taken into account, some 
of the bis(nitroimidazoles) appear to be marginally more 
efficient radiosensitizers than their monomeric counter- 
parts. Comparing Ci.6(i) values (Table 3), most members 
of the homologous series 8-11 were more efficient than 
misonidazole, with the best compound being 10 (shown 
above to also have the greatest bypoxia-selectivity)* The 
higher potency of the bis(5-mtroimidazole) 16 than 
metronidazole (5) was also still observed when edlular 
uptake was taken into account (Ci^ values of 4.1 and 
17.3 mM respectively; Table 3). AD of the bis(nitro- 
imidazoles) had in vitro therapeutic indices (IVTI = 
aerobic ICso/hypoxic Ci.6) greater than that of the very 
toxic alkylating analogue 4, with the highest index (11) 
being obtained with compound 10. However, even this is 
only about half of the IVTI of misonidazole (1) (although 
interpretation of these data is complicated by tiie obser- 
vation that the FVTI for the other mononitro imidazolyl- 
carbox£amdel3isless,thanthatofnusomdazole). Overall, 
the bis compounds appear to be broadly similar to 
monomeric nitroimidazoles as hypoxic cell radiosensitizers 
with respect to potency and radiosensitizing selectivity 
relative to aerobic toxicity. 

/a ViVoStudies« Because of its high hypoxia-selective 
cytotoxicity in vitro, and its efficient radiosensitising 
properties, 10 was selected for in vivo evaluation against 
KHT tumors growing subcutaneously in CsH/HeN mice. 
The maximuTTi dose which could be administered (because 
of solubility limitations) was 2.5 mmol/kg, using solution 
in either phosphate-buffered saUne (PBS) (50 mM, 0.05 
mlVg body weight) or in dlmethylacetamide/polyethylene 
glycol 400/water, 1:3:6 v/v/v (250 mM, 0.01 ml^g . body 
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Figure 4. Activity of compoimds 1 and 10 against the KHT 
timior in combination with radiation (15 Gy). Mice were treated 
with either a single dose of 2.5 nmiol/kg (left panel) or four doses 
of 2.5 nunol/kg at 3 hourly intervals (right panel) and were 
irradiated whole-body 45 min after the last drug dose. The 
injection volume was 0.05 mL/g per dose for both compounds 
and for the controls, which were irradiated 45 min after the last 
injection of PBS. Each value is the geometric mean ± range for 
two experiments with two to four pooled tiunors in each 
experimental group. 

weight). Initial studies with the latter formulation indi- 
cated no additional cell killing in irradiated KHT tumors 
when the drug was administered 90, 60, or 30 min before 
radiation or 5 min after irradiation (data not shown). 
Subsequent studies confirmed that 10 is inactive and 1 is 
active at this dose when given in a large volimae of PBS 
45 min before irradiation. However, four such doses of 10 
at 3-h intervals (with irradiation 45 Trim after the last dose) 
gave greater tumor cell killing than radiation alone (Figure 
4). No killing was observed with either drug or schedule 
in the absence of radiation (data not shown). In contrast 
to the bis(nitroimidazole), misonidazole (1) was no more 
active in the multidose schedule than in a single dose 
(Figure 4). This is as expected for *electron-affinic" 
radiosensitization dependent only on the concentration 
in the tumor at the time of irradiation^ since 1 is cleared 
with a half-life of 1.5 h at a dose of 2.5 nunol/kg in the 
mouse,^ indicating that little accumulation would be 
expected in tumors with this dosing schedule. The 
superiority of 10 when administered as multiple doses 
suggests that its activity in combination with radiation is 
primarily due to hypoxic cell toxicity rather than direct 
radiosensitization, although pharmacokinetic studies are 
required to exclude the possibility that parent drug might 
accumulate in tumors with the q3h X 4 schedule. No 
toxicity was observed in non-tumor-bearing CsH/HeN mice 
treated with 10 using the 4 X 2.5 mmol/kg dose schedule 
(observation time 30 days). Recent studies have also shown 
10 to be active in combination with radiation against the 
MDAH-MCa-4 mouse mammary tumor in growth delay 
assays when administered using the above q3h X 4 schedule 
(but not as a single dose), while misonidazole (1) was no 
more active in the multidose schedule.^ 

Conclusions 

The bis(nitroimidazoles) investigated here showed aer- 
obic toxicities quite similar to those of the related 
mononitro compounds. The potencies of these compounds 
as hypoxic ceU radiosensitizers was also only a little greats 
than those of analogous mononitroimidazoles. However, 
compounds 10 and 15/ both with a 2-mtro- and a 
5-nitroimidazole; linked by> a-seveii-atoxxL' carboxamide , 
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^ cbnditiom using jJrug exposure times of several hours. 

TKe increase in cj^toxic potency TOth' tim under hypoxia 
"^suggests these compoxuids may be "bis-bioreductive" 
agents, with slow reduction at the redox center of lower 
potential (Sriiitroimidazole) generating a bis-reactive 
molecule under hypoxia. The more soluble of these two 
compounds, 10, was active as a radiosensitizer of KHT 
tumors when administered is multiple doses, presumably 
because of its selective toxicity to hypoxic radioresistant 
cells. However, the relative contributions of bioreductive 
toxicity and direct ("electron affinic") radiosensitization 
to the observed activity have yet to be determined. 
Evaluation of 10 in combination with fractionated radi- 
ation will be of interest; if it is acting primarUy as a 
bioreductive drug there are theoretical reasons to expect 
it to be more active in a protracted schedule.* 
I One of the possible mechanisms of cytotoxicity con- 
sidered in the design of bis(nitroimidazoles) was that they 
mightgenerate DNA cross-linking agents when both nitro 
groups are reduced to reactive species. The lack of 
hypersensitivity of the UV4 cell line, which is defective in 
DNA cross-link repair, suggests that this is not the 
mechanism of toxicity of these agents under aerobic 
conditions. Subsequent studies have shown that UV4 is 
also not hypersensitive to 10 imder hypoxic conditions.^ 
In addition, alkaline elution studies provide no evidence 
of interstrand cross-links by 10 under hypoxia using 
concentrations and exposure times well above those 
required for cjrtotoxicity.^s The lack of cross-linking by 
10 is coiisistent with recent studies showing that metabolic 
reduction of metronidazole in £. coli does not result in 
significant DNA^alkylation, with an upper limit for 
covalent binding under anoxic conditions of <1 molecule/ 
10^ base pairs.^ However, the generation of a highly toxic 
lesion under hypoxia need not be limited to crosslinking 
events since other duplex lesions (e.g. a single strand break 
combined with a monoalkylation site) might also be highly 
cytotoxic. We have suggested elsewhere that bis(nitro- 
imidazoles) such as 1 0 might act as bis-bioreducti ve drugs 
by generating such locally doubly damaged sites when both 
nitro groups are reduced.^ 

Despite the use of water-soluble carboxamide linkers, 
aqueous solubility has limited the evaluation of the present 
series and structure-activity relationships for hypoxia- 
selective toxicity are not well defined. The low hypoxic 
selectivity of 8 suggests that a linker chain length of more 
than five atoms may be required between the nitro- 
imidazole moieties, but development of more soluble 
analogues wiU be required to explore structural require- 
ments further 

Experimental Section 

Analyses indicated by symbols of the elements were within 
±0.4% of theoreticaL Analyses were carried out in the Micro- 
chemical Laboratory, University of Otago, Dunedin. New Zealand. 
Melting points were determined on an Electrothermal 2300 
melting point apparatus. NMR spectra were obtained on a 
Bniker AC-200 or AM-400 spectrometer, and are referenced to 
Me^Si for organic solvents, or DSS (2,2-dimethyl-2-8aapentane- 
5-6ulfonate) for aqueous solvents. Mass spectra were determined 
oh a Varian VG-70SE mass spectrometer using an ionizing 
potentialofTOeVatanominalresolutionoflOOO. High-resolution 
spectra were obtained at nominal resolutions of 3000, 5000, or 
10000 as appropriate. Spectra were obtained using the ionization 
mode specified, with PFK as the reference unless otherwise stated. 
Thin-layer chromatography was carried out on aluminum-backed 
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wlica gel plates (Merck 60 F^). Column chromatc^raphy was 
carried out on silica gel (Merck 230-400 mesh). Allcompoimds 
designated for biological testing were analyzed at >99% purity 
by reverse-phase HPLC using a Philips PU41(X) liquid chro- 
matograph, a Phenomenex BondClone 10-C18 stainless steel 
column (300 mm X 3.9-mm Ld.), and a Philips PU4120 diode 
array detector. Chromatograms were run using various gradients 
of aqueous (1 M NaH2P04, 0.75 M heptanesulfonic acid, 0.5 M 
dibutjdammoniimi phosphate, and MilliQ water in a 1:1:1:97 ratio) 
and organic (80% MeOH/MilliQ water) phases. 

2-(2-Methy]-5-nitro-lH-imidazoIyl)ethyIamine (19). A 
solution of methanesulfonyl chloride (5.4 mL, 70 mmol) in CHr 
CI2 (10 mL) was added dropwise to a stirred suspension of 2-(2- 
methyI-5-nitro-Lff-imidazolyl)ethanol (5; metronidazole) (10.0 
g, 58 mmol) and EtaN (12.2 mL, 88 mmol) in CH2CI2 (200 mL) 
at 20 **C under Nj. After being stirred for 4 h, the mixture was 
filtered, and the filtrate was washed with water (2 x 60 mL), 
evaporated, and crystallized from CHCI3 to give 2-(2-nitro-5- 
nitro-li/-imidazolyl)ethyl methanesulfonate (17) (13.5 g, 92%): 
mp 153-154 *C; >H NMR (CDCI3) d 8.06 (s, IH, H-4'). 4.67 (dd, 
J = 5.1, 4.7 Hz, 2 H, H-2), 4.56 (dd, J = 5.1, 4.7 Hz, 2 H, H-l), 
3.15 (s, 3H. SOiCHs), 2.46 (s, 3 H, CH3); ^K] NMR (CDCI3) 5 
151.7 (O20. 138.5 ((3-50, 133.0 (C-40, 45.2 (C-1), 45.0 (C%2), 36.7 
(SO2CH3), 8.3 (CHs). Anal. (CrHuNsOfiS) C, H, N, S. A solution 
of the mesylate (13.5 g, 54 nmiol) and NaNa (3.8 g, 59 nmiol) in 
DMF (150 mL) was stirred at 100 **C for 1 h, cooled, poured into 
brine, and extracted with EtOAc (3 x 200 mL). The combined 
organic extracts were washed with brine and evaporated to give 
crude 2-(2-nitro-5-nitro-lif-imidazoIyl)ethyl azide (18) (8.26 g, 
78% ): mp (EtOAc/petroleum ether) 56-58 **C; ^H NMR (CDCI3) 
6 7.98 (s, IH, H.40, 4.45 (dd, J = 5,7, 5.3 Hz, 2 H, H-2), 3.79 (dd, 
J = 5.6, 5.3 Hz, 2 H, H-1), 2.44 (s, 3 H, CH3); NMR d 151.3 
(02^). 136.7 (050, 133.4 (O40, 50.8 ((3-1), 45.5 (C-2), 14.5 (CH3); 
HRMScalcd for CeHsN $02 196.0709 (M+),found 196.0707. Anal. 
((^sNeOi) C, H- 

A stirred solution of 18 in dry THF (100 mL) was treated 
dropwise with a solution of PhsP (14.2 g, 54 mmol) in dry THF 
(20 mL) at 20 and stirred for a further 3 h. Ck>ncentrated HCl 
(160 mL) was then added, and the mixture was heated under 
reflux for 5 h before being evaporated to dryness. The residue 
was partitioned between EtOAc and water, and the aqueous layer 
was evaporated to give 2-(2-methyl-5-nitro-lif-imidazolyl)ethyl- 
amine (19) as the dihydrochloride salt (11.0 g, 84 %): mp (MeOH) 
194-194.5 **C dec; ^H NMR (D2O) 6 8.50 (s, 1 H, H-40, 4.86 (t, 
J = 6.9 Hz, 2 H. H-2), 3.58 (t, J = 6.9 Hz, 2 H, H-l), 2.78 (s, 3 
H, CH3); 1^ NMR (D2O) 6 157.2 (020, 140.9 (050, 127.1 (C-40, 
46.5 (Ol), 40.3 (02), 14.3 ( CH3). AnaL ((yiioN40r2HCl) C, 
H,N. 

2-(lJJ-ImidazolyI)ethylamiBe Dihydfochloride (2L2HGI). 
A solution of imidazole (3.0 g, 44.1 mmol) in DMF (30 mL) was 
added dropwise to a stirred suspension of NaH (L94 g, 48.6 mmol) 
in DMF (30 mL) at 0 **C, and the mixture was stirred untfl 
homogeneous. A solution of 7^-(2-bromoethyl)phthalimide (11.8 
g, 46.3 nunol) in THF/DMF (1:1, 25 mL) was then added, and 
the mixture was stirred at 100 **C f or 2 h, cooled, and poured into 
brine (200 mL), Extraction with EtOAc, workup of the organic 
layer, and crystallization from EtOAc/petroleum ether gaveiV-[2- 
(lH-imidazolyl)ethyl]phthalimide (20) (4.88 g. 46%): mp 162- 
164 *C; >H NMR (CDCI3) 6 7.81-7.84 (m, 2 H, ArH), 7.72-7.76 
(m. 2 H, ArH), 7.42 (s, IH, H-20, 7.03 (t, J = 1.2 Hz, 1 H, H-50. 
6.96 (t, J = 1.2 Hz, 1 H, H-40, 4.29 (t, J = 6.6 Hz, 2 H, H-2), 4.05 
(t, J = 6.5 Hz, 2 H, H-l); i»C NMR (CDCI3) 6 167.8 (2C0), 137.3 
(020, 134.4 (2C.™J, 131.6 (2C™J, 130.0 (050, 123.6 (2C^), 
118.9 (C-40, 44.4 (02), 38.3 (C-1). Anal. (C13H11N3O2) C, H, N. 

A stirred solution of 20 (2.8 g, 11.6 mmol) and hydrate 
monohydrate (1.13 mL, 23.2 mmol) in EtOH (100 mL) was heated 
imder reflux for 4 h. The resulting suspension was cooled to 0 
**C and filtered, and the filtrate was evaporated to dryness under 
reduced pressure. The residue was dissolved in 1 N HCl (50 mL) 
and nitered, and the solvent was removed under reduced pressure 
to give 2-(lif-imidazolyi)ethylanune dihydrochloride (21'2HC1) 
(1.49 g, 70%): mp (MeOH/EtOAc) 217-220 •C; ^H NMR (DjO) 
d 8.92 (s, 1 H. H-20, 7.65 (s, 1 H, H.50. 7.67 (s, 1 H, H-40, 4.66 
(t, J = 6.3 Hz, 2 H, H-2), 3.61 (t, J = 6.3 Hz, 2 H, H-l); ^^C NMR 
(D2O) 6 138.1 (C-20, 124.5 (C-50. 123.3 (C-40, 48.8 (C-1), 4 1.5 
(C-1). Anal. (CsH8Ny2HCl) C, H, N, CI. 
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2-(2-Nitra-l^-iiiudazolyi)ethyIainine Hydrochloride (23- 
HCl) and 3-(2-Nitro-l£r-iiiudazolyi)propylai]iiiie Hydro- 
chloride (25-HCl), A stirred solution of 2-nitroimida2ole (3.0 
g, 26.5 mmol), 2-bromoethyIphthalimide (7.08 g, 27.9 mnw^), and 
K2CO3 (3.85 g, 27.9 mmol) in DMF (75 mL) was heated at 110 
**C for 2 h. The solvent was removed xmder reduced pressure, 
and the residue was poured into water (200 mL). The precipitate 
was collected, washed with water (100 mL), and dried to give 
2-(2-nitro-lff-imidazolyl)ethylphthalimide (22) (5.28 g, 78%): 
mp 208.5-209 °C (lit.^^ mp 208-210 °C); NMR ((CD3)2SO) 5 
7.82-7.84 (m, 4 H, ArH), 7.60 (s, 1 H, H-50, 7.07 (s, 1 H, H-40, 
4.64 (br t, 2 H, H-2), 4.06 (br t, 2 H. H-1); i^C NMR 5 167.3 (2C0), 

144.7 (C-20, 134.5 (2G^, 131.2 (0-50, 128.4 (2C^. 127.9 (C- 
40, 123.1 (2C. rcnJ, 48.3 (C-1), 37.1 (C-2). A stirred solution of 
this phthalimide (3.65 g, 12.8 mmol) and hydrazine monohydrate 
(1.24 mL, 25.5 mmol) in EtOH (70 mL) was heated under reflux 
for 2 h. The resulting suspension was cooled to 0 *C and filtered, 
and the filtrate was evaporated to dryness under reduced pressure. 
The residue was dissolved in 1 N HCl (50 mL) and filtered, the 
solvent was removed imder reduced pressure, and the residue 
was crystallized from MeOH/EtOAc to give 2-(2-nitro-Ltf- 
imidazolyDethylamine hydrochloride (23'HCl) (1.49 g, 70 % ): mp 
188.5-189 (lit.« mp 188-190 °C); NMR (D2O) 5 7.54 (d, 
J = 1.0 Hz, 1 H, H-SO, 7.25 (d. J = 1.1 Hz. 1 H, H.40, 4.82 (t, 
J = 6.1 Hz, 2 H, H-2), 3.58 (t, J = 6.1 Hz, 2 H. H-1); C NMR 
(D2O) d 147 A (C-20, 131.1 (C-50. 130.6 (C-40, 49.4 (C-2), 41.2 
(C-1). 

Similar reaction of 2-nitroimidazole with (3-bromopropyI)- 
phthalimide gave 3-(2-nitro-Lff-imidazolyl)propylphthalimide 
(24) (98% yield): mp 203-204 *»C; ^H NMR (CD3CI) 6 7.85-7.89 
(M, 2 H, ArH). 7.74-7.78 (m, 2 H, ArH), 7.37 (s, 1 H, H-40, 7.16 
(s, 1 H, H.50, 4.48 (t, J = 7.0 Hz, 2 H, H-3), 3.78 (t, J = 6.3 Hz, 
2 H, H-1), 2.25-2.32 (m, 2 H, H.2); ^^C NMR 5 168.4 (2C0), 144.0 
(C-20, 134.3 (2C-3'0, 131.8 (2C-2'0, 128.4 (C-40, 126.3 (C-50, 
123.5 (2C-4'0, 47.7 (C-3), 34.7 (C-1), 29.8 (C-2). AnaL (Ci^Hir 
N4O4) C, H, N. Reaction of this with hydrazine monohydrate as 
above gave 3-(2-mtro-lif-imidazolyl)prop^amine hydrochloride 
(25.HC1) (23.8 g, 66%): mp (MeOH) 214-214.5 **C; ^H NMR 
((CD3)2SO) 5 8.26 (br s, 3 H, NHrHCl), 7.87 (s, 1 H, H-50, 7.22 
(3, 1 H, H.40, 4.53 (t, J = 6.8 Hz, 2 H, H-3), 2.78 (br s, 2 H, H-l), 
2,10-2.17 (m, 2 H, H-2); ^K! NMR 5 144.6 (C-20, 127.9 (O40, 

127.8 (C-50, 46.6 (C-3), 35.7 (C-1), 27.5 (C.2). AnaL (C6H10N4- 
OrHCl) C, H, N, CL 

2-(4-Nitro-l^-imidazolyl)ethyIamiiie Hydrochloride (27- 
HCl) and 2'(5-Nitro-lj7-imidazolyl)ethy lamina Hydrochlo- 
ride (29'HCl). A stirred solution of 4-nitroimidazole (5.0 g, 44.2 
nmiol),i\^-(tert-butyloxycarbonyl)-2-(methylsulfonyl)ethylajmine 
(10.76 g, 48.6 nmioi) and K2CO3 (6.72 g, 48.6 mmol) in DMF (250 
mL) was heated at 110 **C for 4 h. Tha solvent was removed 
under reduced pressure, and the residue was partitioned between 
EtOAc and water (500 mL). The aqueous fraction was washed 
with EtOAc (2 X 50 mL), and the combined organic fractions 
were washed with water (2 X 100 mL), brine (150 mL), dried, and 
evaporated. Chromatography of the residue on silica gel with a 
gradient (60-100 % ) of EtO Ac/petroleum ether first gave //-(^e^^- 
butyloxycarbonyl)-2-(5-nit^o-l/^-imidazolyl)ethyI- 
amine (28) (0.78 g, 7%): mp (EtOAc/petroleum ether) L48- 
149.5 *»C; m NMR (CDCI3) 5 8.00 (d, J = 1.0 Hz, 1 H, H-40, 7.53 
(8, 1 H, H-20, 4.80 (br t, cA = 5.6 Hz, 1 H, NH), 4.52 (t, J = 5.6 
Hz, 2 H, H-2), 3.51 (dd. J = 6.0, 5.6 Hz. 2 H, H-1), 1.41 (s, 9 H, 
t-Bu); NMR (CDCI3) 6 155.9 (NHCOj), 142.1 (C-50. 142.1 
{C-20, 133.8 (C-40, 80.3 (C-(CHs)s), 47.4 (CJ-2), 40.6 (C-1), 28.3 
(C(CH3)3). Anal. (C10H16N4O4) C, H, N. Further elution gave 
JV-(tcrt-butyIoxycarbonyl)-2-(4-nitro-lH-imidazolyl)ethyl- 
amine (26) (4.65 g, 41%): mp 106-107 *C; ^H NMR (CDCI3) 5 
7.80 (d, J 1.4 Hz, 1 H, H.50, 7.41 (d, J = 1.4 Hz, 1 H, H-20, 
5.33 (br s, 1 H, NH), 4.19 (dd, J = 5.9, 5.5 Hz. 2 H, H-2), 3,52 
(dd, J = 5.9. 5.6 Hz, 2 H, H-1), 1.43 (s. 9 H, t-Bu); i^C NMR 
(CDCIa) S 156,9 (NHCO2). 148.0 (C-40, 136.4 (C-20, 119.6 (C-50, 
80.4 (C(CHs)3), 47,9 (C- 2), 41.2 (C-1), 28.3 (C(CHa)j). AnaL 
(C10H16N4O4) C. H, N. 

A solution of 28 (0.76 g, 3.0 nunol) in MeOH (20 mL) and 5 
N HCl (20 mL) was stirred at 20 ""C for 16 h and then evaporated 
under reduced pressure to give 2-(5-mtro-lH-iniidazoIyI)ethyI- 
amine hydrochloride (2$.HC1) (0.62 g, 91%): mp (MeOH) 199.&- 
200 •C dec. m NMR {{CD^SO} 6 8.31 (s, 1 H^ H-40, 8,12 (8,1 



H, H-20, 7.04 (br s, 1 H, NH), 4.57 (t, J = 5.8 Hz. 2 H, H-2), 3.15 
(q, J = 5,7 Hz, 2 H, H-1); i^C NMR ((CDs)2S0) S 142,8 (C-20, 
138.6 (C-50^ 132,0 (C-40, 44.8 (02), 38.1 (Ol). AnaL (CfiHio- 
CI2N4O2) C, H, N, Similar treatment of 26 gave 2-<4-nitro-lif- 
imidazoIyDethylamine hydrochloride (27.HC1) (58%): mp 
(MeOH) 240-241 ^'C; ^H NMR ((CD3)2SO) 5 8.53 (d, J = 1.4 Hz, 
1 H, H-50, 8.03 (br s, 2 H, NH). 7.95 (d, J = 1.4 Hz, 1 H, H-20, 
4.44 (d, J = 6.0, 5.8 Hz, 2 H. H.2), 3.31 (dd. J = 6.0, 5.8 Hz, 2 
H, H-1); NMR {{CD^SO) 6 147.0 (C-40, 137.7 (C-20, 121.9 
(C-50,. 44.8 (C-2), 38.6 (Ol). AnaL (C6HxoClaN402) C, H, N. 

2-(2-Methyl-5-nitro-l^-imidazolyl)acetic Acid (30). A 
stirred solution of metronidazole (5) (2.0 g, 11.7 mmol) in MejCO 
(30 mL) at 0 **C was treated dropwise with CiO^/Me^O until an 
orange color persisted. The solvent was removed under reduced 
pressure and the residue chromatographed on silica. Elution 
with MeOH/EtOAc (0-10% MeOH) gave 2-(2-methyl-5-nitro- 
Lff.imidazolyi)acetic add (30) (1.05 g, 49% ): mp (MeOH/EtOAc) 
175-177 ''C (Ht,« mp 179-180 **C); ^H NMR (D^O) & 7.96 (s, 1 
H, H-40. 5.05 (3, 2 H, H-2), 2.45 (s, 3 H, CHa). 

2- (2-Nitra-l£r-inudazoiyl)acetic Acid (32)* A stirred sus- 
pension of 2-nitroimidazole (2.0 g, 17.1 mmol), 2-iodoethyl 
tetrahydropyranyl ether (5.0 g, 19.5 mmol), and K2CO3 (2,7 g, 
19.5 DMnol) in DMF (50 mL) was heated at 110 *C for 2 h. The 
solvent was removed under reduced pressure, and the residue 
was partitioned between EtOAc and water. The residue from 
the organic phase was dissolved in MeOH (30 mL) and 6 M HCl 
(5 mL) and stirred at 20 **C for 18 h and then evaporated under 
reduced pressure to give 2-(2-nitro-Lff-imidazolyl)ethanol (31) 
(1.55 g. 57%): mp (MeOH/EtOAc) 14^-150 **C (Ht.« mp 157 
**C); iH NMR (D2O) 5 7.47 (s, 1 H, H-50, 7.19 (s, 1 H, H-40, 4.62 
(t, J = 5.2 Hz, 2 H, H-2). 3.96 (t. J = 5.2 Hz, 2 H, H-1); ^ NMR 
(D2O) 5 147.2 (0-20, 131.1 (C-5 0, 130.4 (0-40, 62.8 (C-1), 54.6 
(C-2). 

Oxidation of 31 .with Jones* reagent as above, followed by 
chromatography on silica and elution with a gra<6ent (0-10%) 
of MeOH/EtOAc gave 2-(2-nitro-lH-imidazolyl)acetic add (32) 
(0.75 g, 37%): mp (MeOH) 158-159 **C (Ht.^*»^p 15&-160 **C); 
^H NMR ((CD3)2SO) 5 7.63 (3, 1 H, H-50, 7.20 (s, 1 H. H-40, 6.16 
(s, 2 H, H-2); NMR ((CD3)2SO) 5 168.5 (CO2H). 144.7 ((%20, 
128.3(050,127.4(040,50.9(0-2), 

3- (2-Nitro-lH-imidazolyl)propionic Acid (34)» A stirred 
suspension of 2.nitroimidazole (5.0 g, 44,2 mmol), methyl acrylate 
(8 mL, 88.4 mmol), and KF/alumina (0.25 g) was heated at 100 
®C for 18 h. The suspension was cooled to 20 **C, the solvent was 
removed imder reduced pressure, and the residue was chro- 
matographed on silica geL Elution with EtOAc/petroleum ether 
(1:1) gave methyl 3-(2-nitro-l/r-imidazolyI)propionate (33) as 
anoil(3.08g,35%)(Ut.»mp68-69*C): ^H NMR (CDCI3) « 7.24 
(s, 1 H, H-50, 7.1a (s, 1 H, H-40, 4.71 (t, J = a2 Hz, 2 H, H-3), 
3.69 (3, 3 H, OCH3), 2.93 (t, J = 6.2 Hz, 2 H, H-2); "C NMR 
((CDCI3) 6 170.8 (CO2H), 144.7 (C-20, 128,4 (C-50, 127,1 (C-40, 
52,2 (OCH3),45.6 (C-3), 34.6 (C-2), Hydrolysis of 33 (concentrated 
HCn/20 '*C/4 h) gave 3-(2-nitro-lH-imidazolyl)propionic add (34) 
(170 mg, 96%): mp (H2O) 162-164 **C; ^H NMR ((CDJtSO) 6 
7.66 (s. 1 H, H-50, 7.16 (s, 1 H, H-40, 6.33 (br s, 1 H, CO^, 4.59 
(t, J = 6,9 Hz, 2 H, H-3). 2.85 (t, J= 6,9 Hz. 2 H, H-2); i»C NMR 
((CD3)jS0) 5 17L1 (CO2H), 144.7 (C-20, 127.7 (C-50, 127.6 (C- 
40, 44.9 (C-3), 34.2 (02). AnaL (C6H7N,04) C, H, N. 

4- (2-Nitro-in^imidazolyl)bataiioic Acid (36): Example 
of General Method. A stirred suspension of 2-nitroimidazole 
(1 equiv), methyl 4-hromobutanoate (1.2 equiv), and KsCOs (1,1 
equiv) in DMF (1 mL/3 mmol) was heated at 110 **C for 2 h. 
Solvent was removed under reduced pressure, and the residue 
was partitioned between EtOAc and water. The organic layer 
was worked up, and the residue was chromatographed on silica 
gel to yield methyl 4-(2-nitro-l/f-imidazolyl)butanoate (35) as 
an oiL ^H NMR (CDCI3) S 7.16 (s, 1 H, H-50, 7,15 (s, 1 H, H-40, 
4,53 (t, J = 7,1 Hz. 2 H, H-4), 3,69 (s. 3 H, OCHs), 2.41 (t, J « 
7.0 Hz. 2 H, H-2), 2.17-2,24 (m, 2 H, H-3); "C NMR (CDCW « 
172,4 (COr), 144.6 (C-20, 128.2 (050*, 126.1 (C-40*, 51.7 (OCH3), 
49.0 (C-4), 30.1 (02), 25,3 (03), Hydrolysis of 35 (cona HCV20 
*'C/16 h) gave a quantitative yield of 4-(2-mtroimidazol-lfr-yO-* 
butanoic acid (36): mp (water) 114-115 *C; »H NMR (OsO) ^ 
7.50 (s, 1 H, H-50, 7,22 (s, 1 H, H-40, 4,54 (t, J 7.0 Hz, 2 H;^ 
H-4), 2.48 (t, J = 7.1 Hz, 2 H. H-2)- 2.15-2,22 (m, 2 H, H^; »C 
NMR (DjO) 5 179,8 (COjH), 147.5 (C-20, 13a7 (C-50*M30,2 
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|iirterchange^^ (CrHBNsOi) C, H, v . v 

p^^l '^A simflar ' reaction using methyl 5-bromopentanoate gave 
ft methyl 5-(2-nitro-li/-imidazolyI)pentan<)ate (37) (87%) as an 
P iih m NMR (CDCU) i 7.16 (d, J = 1.0 Hz, 1 H, H-SO, 7.15 (d, 
J = 1.0 Hz, 1 H, H-40, 4.45 (t, J = 7.3 Hz, 2 H, H-5), 3.68 (s, 3 

H, OCH3), 2.39 (t, J = 7.2 Hz, 2 H, H-2), 1.88-1.96 (m, 2 H, H-4), 

I. 66-1.73 (m, 2 H, H-3); ^^C NMR (CDCI3) « 173.2 (CO2), 140.5 
(020, 12a3 (CV50*. 125.9 (040*, 51.6 (OCH3), 49.8 (05), 33.0 
{C-4), 29.7 (C-3), 21.5 (C-2). Hydrolysis as above gave 5-(2- 
nitroimidazol-l/f-yDpentanoic acid (38), mp (water) 125-126.5 
*C. ^HNMR ((CD3)2SO) 5 7.71 (s, 1 H, H-50. 7.19 (s. 1 H, H.40, 
6.25 (br s, 1 H, COjH), 4.40 (t. J = 7.0 Hz. 2 H, H-5). 2.26 (t, J 
=: 7.3 Hz, 2 H, H-2), 1.75-1.83 (m, 2 H. H-4). 1.54-1.53 (m. 2 H, 
»3); "C NMR ((GD3)2SO) 6 174.1 (CO^H), 144.6 (O20, 127.9 
(C-50*, 127.8 (O40*, 49.2 (C-5), 33.0 (C-4), 29.1 (C-3), 21.3 (02). 
(♦ Assignments interchangeable.) Anal. (C8HnN304) C, H, N. 

A similar reaction using methyl 6-bromohexanoate gave methyl 
6-(2-nitrt>Lff-imidazolyl)hexanoate(39)asanoil(92%): ^HNMR 
(CDCI3) 5 7.14 (s. 2 H, H-4', H-SO. 4.43 (t. J = 7.3 Hz, 2 H, H-6). 
3.67 (8, 3 H, OCH^, 2.39 (t. J = 7.3 Hz. 2 H, H-2), 1.85-1.93 (m, 
2 H, H-5), 1.65-1.73 (m, 2 H, H-3). 1.37-1.44 (m, 2 H, H-4); ^^C 
NMR (CDCls) 5 173.6 (COr), 144.7 (C-20, 128.4 (C-50*, 125.9 
(CMO*, 61.5 (OCH3), 49.9 iC-S), 33.5 (C-2), 30.1 (C-4), 25.7 (C-5). 
24.0 (C-3). (* Assignments interchangeable.) Hydrolysis as above 
gave 6-(2-nitro-lff-iniidazolyl)hexanoic acid (40): mp (water) 
106-108 *»C; m NMR (CDCI3) 5 7,95 (br s, 1 H. CO2H), 7.14 (d. 
J = 0.9 Hz, 1 H. H-50, 7.10 (d. J = 0.9 Hz, 1 H, H-40, 4.42 (t, 
J = 7.3 Hz. 2 H. H-6), 2.37 (t. J = 7.2 Hz, 2 H, H-2), 1.84-1.92 
(m, 2 H. H-5), 1.65-1.72 (m, 2 H, H-3). 1.39-1.45 (m, 2 H. H-4); 

NMR (CDCI3) d 178.2 (CO2H). 144.5 (C-20. 128.3 (O50*. 
125.9 (C-40*. 50.0 (06), 33.4 (C-2). 30.1 (C-4). 25.7 (C-5). 23.9 
(GJ-3). (* Assignments interchangeable.) Anal. (CyfiaNsO*) C. 
H, N. 

JV-[2-(2-Methyl-5-nitro-lJJ-imidazolyl)ethyl].4-(2-nitro- 
l^-imidazolyl)batananude (10): Example of General Meth- 
od. A stirred suspension of the acid (36) (5.0 g, 25.1 namol), the 
amine dihydrochloride (19-2HC1) (6.41 g, 26.3 mmol), and EtsN 
(10.5 mL, 75.3 mm6fi inDMF (100 mL) was treated dropwise at 
0 **C under N2 with diethyl phosphorocyanidate (4.57 mL. 30.1 
mmol). The suspension was stirred for 2 h at 0 ®C and for a 
further 18 h at 20 **C and then evaporated to dryness under 
reduced pressure. The residue was chromatographed directly 
on silica gel. elution with a gradient (0-20%) of MeOH/EtOAc 
giving N-[2-(2-methyl-5rnitro-L?f-imidazolyl)ethyl]-4-(2-nitro- 
Iff-imidazoIyl)butanamide (10) (5.5 g, 76%): mp (CHCI3/ 
petroleum ether) 129 *C; ^H NMR (CDsCN) 5 7.86 (s, 1 H, H-4''0, 
7.28 (d, J = 1.0 Hz, 1 H, H-50, 7.07 (d, J = 1.0 Hz, 1 H. H-40, 
6.61 (brs, 1 H, CONH), 4.31-4.37 (m, 4 H, K.4. H-2'0, 3.47 (2 
t, J = 6^ Hz, 2 H, H-1'0, 2.38 (s, 3 H, CHa), 2,06-2.10 (m, 2 H, 
H-2),1.99-2.02(m,2H,H-3);isCNMR(CD3CN)ai73.0(CONH), 
152,3 (C-2''0, 140,1 (C-2"0, 139.1 (C-50, 133.8 (C-4"0, 128,8 (O 
50*, 128.1 (O40*, 50.2 (C-2'0> 46.5 (C-4), 39.1 (C-1'0, 32,8 (C-2), 

26.5 (C-3), 14.6 (CHs). (* Assignments interchangeable.) AnaL 
(C18H17N7O6) C, H; N: calcd 27.91; found 28.46. 

Similar reaction of 36 and 23 gave iSr-[2-(2-nitro-lif-imid- 
azolyl)ethyl]-4-(2-nitro-lH-imidazolyl)butanamide (6) (67%): 
mp (MeOH/iPrjO) 149.5-150.5 "^C; ^H NMR ((CEWjSO) 6 7.97 
(br t, J-= 5.8 Hz, 1 H, CONH), 7.62 (d, J = 1.0 Hz, 1 H, H-5"0, 
7.52 (d, J = 1,0 Hz, 1 H. H.50, 7.18 (d, J « 1.0 Hz, 1 H. H-4"0, 
7,14 (d, J « 1.0 Hz, 1 H, H-40. 4.43 (t, J == 5,8 Hz, 2 H, H-2'0, 
4.36 (t, J « 6.7 Hz, 2 H, H-4), 3.46 (q, J = 5,8 Hz, 2 H, H-l'O, 
1.89-2.08 (m.4 H, H-2, H-3)), 2,35 (s, 3 H,CHs); "CNMR ((CD3)r 
SO) 5 171.4 (CONH), 144.6 (C-2"0, 144.5 (O20, 128.3, 127.7, 
127,6 (C-4', C-4'", C-5', C-5"0, 49.0. 48.8 (C-4, C.2'0, 38.1 (C-1'0, 

31.6 (C-2), 25.3 (C-3). Anal. (CuHisNtO^) C, H; N: calcd 29.07; 
found 29.74. 

Similar reaction of 34 and 25 gave i\^-[3-(2-nitro-Lff-imid- 
azolyl)propyll-3-(2-mtro-lif-imidazolyl)propanamide (7) (49% 
yield): mp (MeOH/iPrjO) 124-125 *C; ^H NMR ((CI>3)jS0) 6 
8.02 (br t, J = 5.5 Hz, 1 H, CONH), 7.66 (s, 1 H. H-50* 7.54 (s, 
1 H, H-5"0*, 7.19 (B, 1 H. H-40*, 7.13 (s, 1 H, H-4"0*, 4.60 (t, 
6.5 Hz, 2 H, H-3), 4.32 (t, J = 7.0 Hz, 2 H, H-3'0, 3,04 (dt, 
J = 6.5, 6,1 Hz, 2 H. H-rO, 2.67 (t, J - 6.6 Hz, 2 H, H.2), L57 
rquintet,.;=6.9Hz,2H,H-2'0. (*AsMgnment8 interchangeable.) 
"CNMR^ 169.1 (CONH). 144.6 (C-20, 127.9, 127,8, 127.7. 127.5 
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(C-4;, C-5', C-4"^ O5"0. 47.2 (C-3), 45.8 (03^0, 35.6 (C-2), 35.5 
(Ol'O, 29.5 (C-2'0. AnaL (CuHi6N706)C, H.N. ; . 

Similar reaction of 32 and 19 gave iV-.[2-(2-methyl-5-nitro- 
Lff-imidazolyl)ethyl]-2-(2-nitro-l/f-imida2olyDethanamide (8) as 
a hygroscopic foam (35%): »H NMR (CDjCN) 6 7,87 (s, 1 H, 
H-4"0, 7.23 (d, J = 1.0 Hz, 1 H. H-50. 7.11 (d. J = 1.0 Hz, 1 H, 
H-40, 6.96 (br s, 1 H, CONH), 4.97 (s, 2 H, H-1), 4.36 (t. J = 6.1 
Hz. 2 H. H.2'0, 3.58 (2 1, J = 6.2 Hz. 2 H, H-1'0. 2.41 (s, 3 H. CH3); 
13C NMR (CD3CN) d 167.4 (CONH), 152.5 (C-2'0. 144.2 (C-20, 
139.9 (C-5"0, 133.9 (C-4"0, 128.9 (O50, 128.8 (C:-40, 57.2 (C-2'0. 
46.3 (C-2), 39.6 (C-1'0, 14.6 (CHa); MS (DEI) m/z 323 (M\ 3), 
277 (50), 231 (85), 97 (100); HRMS (DEI) m/z calcd for CuH^NsOt 
323.0978 (M+), found 323.0981. Anal. (C11H13N7O&) C. H. N. 

Similar reaction of 34 and 19 gave iV-[2-(2-methyl-5-nitro- 
Lff-imidazolyl)ethyl]-3-(2-nitro-Utf-imidazolyl)propanamide (9) 
(42%): mp (MeOH/iPrjO) 144.5-145.5 "^C; ^H NMR {{CD^SO) 
d 8.18 (br t, c/ = 5.7 Hz, 1 H. CONH), 8.00 (s, 1 H, H-4"0, 7.51 
(s, 1 H, H-50, 7.13 (d, J = 1.0 Hz, 1 H. H-40. 4.53 (t, J = 6.6 Hz, 
2 H. H.2), 4.27 (t, J = 5.9 Hz. 2 H, H-2'0, 3.40 (q. J = 5.9 Hz. 
2 H, H-1'0, 2.62 (t, J = 6.6 Hz, 2 H, H-2), 2.35 (s. 3 H. CH3); ^ 
NMR ((CD3)2SO) a 159.5 (CONH). 151.2 (C-2"0, 144.5 (C-20, 
138.4 (C-5"0, 133.0 {C-4"% 127.9 (C.40*. 127.6 (C-50*, 45.5 (C- 
3), 45.2 (C-2'0. 37.8 (C-1'0, 35.3 (C-2), 13.6 (CH3), (* Assignments 
interchangeable.) Anal. (C12H15N7O6) C, H; N: calcd. 29.07; 
found 29.91. 

Similar reaction of 38 and 19 gave 7sr-[2-(2.methyl-5-nitro- 
li/-imida2olyl)ethyl]-5-(2-nitro-lH-imidazolyl)pentanamide (11) 
(54%): mp (MeOH/iPraO) 136-137.5 *C; ^H NMR (CD3CN) 6 
7.85 (s. 1 H. H-4"0, 7.32 (d. J = 0.9 Hz. 1 H, H-50, 7.09 (d, J = 
0.9 Hz, 1 H. H-40, 6.55 (br s, 1 H, CONH). 4.32-4.37 (m, 4 H. 
H-5. H-2'0, 3.50 (2 1, J = 6.2 Hz. 2 H. H-1'0. 2.39 (s, 3 H, CH3), 
2.04-2.09 (m, 2 H. H-2). 1.72-1.80 (m. 2 H. H-4). 1.45-1.53 (m, 
2 H, H-3); 13C NMR (CD3CN) 6 173.7 (CONH), 152.4 (O2"0, 
140.1 (C^20*, 139.9 (C-5"0*, 133.8 (O4"0. 128.8 (C-40, 128.1 
(O50. 50.6 (C-2'0. 46.6 (C-5). 39.1 (C-1'0. 35.8 (C-2), 30.4 (CM). 
22.9 (03). 14.6 (CH3). (* Assignments interchangeable.) HRMS 
m/z calcd for C,4Hi9N706 365.1448 (M+), found 365.1452. AnaL 
(CMH19N7O6) C. H; N: calcd 26.84; found 27.43. 

Similar reaction of 40 and 19 gave iV-[2-(2-methyl-5-nitro- 
Lff-imida2olyl)ethyl]-6-(2-nitro-lH-imidazolyl)hexanamide(12) 
(53%): mp (MeOH/iPrjO) 133-134 ''C; ^H NMR (CDgCN) d 
7.88 (s, 1 H, H-4"0. 7.33 (d. J = 1.0 Hz, 1 H. H-50, 7.08 (d, J = 
1.0 Hz, 1 H. H-40, 6.50 (br s. 1 H. CONH), 4.33-4.38 (m, 4 H, 
H-6, H-2'0, 3.50 (2t, J = 6.2 Hz, 2 H, H-l'0, 2.39 (s. 3 H, CHs), 
2.03 (t, c7 = 7.4 Hz, 1 H, H-2), 1.75-1.83 (m. 2 H, H-5), 1.46-1.54 
(m. 2 H. H-4), 1.22-1.28 (m, 2 H, H.3); ^^C NMR (CD3CN) 6 173.9 
(CONH). 152.4 (C-2"0, 140.1 (0-20, 139.9 (C-5"0, 133.9 (C-4"0, 
128.8 (C-40, 128.1 (O50. 50.7 (C-2'0, 46.6 (C-6), 39.1 (C-1'0, 36.2 
(C-2). 30.7 (C-5J, 26.5 (C-4), 25.5 (C-3), 14.6 (CH3); HRMS m/z 
calcd for C1BH21N7O4 379.1604 (M+), found 379.1613. Anal, 
(CxjHaNTOfi) C. H, N. 

Similar reaction of 36 and 21 gaveiV-[2-(lH-imidiazolyl)ethyl]- 
4-(2-nitro-L^-imidazolyI)butanamide(13) (70%) as a hygroscopic 
gum; m NMR (CD3CN) S 7.42 (s. 1 H, H.2"0, 7.29 (d, J = 1.0 
Hz, 1 H, H-50, 7.08 (d, J = 1.0 Hz. 1 H, H-40, 7.00 (t, J = 1.1 
Hz, 1 H, H-5"0, 6.90 (s, 1 H, H-4"0, 6.62 (br. s. 1 H, CONH), 4,37 
(t, J = 6.9 Hz, 2 H, H-4), 4.02 (t, = 6,1 Hz, 1 H, H-2'0. 3.44 (2t, 
J = 6.0 Hz. 2 H, H-l'O, 2.10-2,14 (m. 2 H, H-2), 2.01-2.08 (m, 
2 H, H-3); ^ NMR (CD3CN) 6 172.8 (CONH), 14L0 (C-20, 
138.2 (C-2"0, 129,7 (C-5"0, 128.2 (050, 128.2 (C-40, 120.4 (C- 
4"0, 50.3 (O2'0, 46.9 (C-4). 40.8 (Ol'O. 33.0 (C-2), 26.7 (C-3); 
MS m/z 246 (M+ - NO2, 100); HRMS m/z calcd for CuHnNeOs 
293.1362 (M+). found 293.1363. 

Similar reaction of 36 and 27 gave iV-[2-(4-nitro-l/f-imid- 
azolyl)ethyl]-4-(2-nitro-Lff-imidazolyl)butanamide (14) (56%): 
mp (MeOH/iPrzO) 175.5-177 **C; ^H NMR ((CD3)2SO) 6 8.40 (d. 
«/ = 1.4 Hz. 1 H, H-5"0. 8.08 (t, J = 5.6 Hz, 1 H, CONH). 7.81 
(d, J = 1,4 Hz, 1 H, H-2"0, 7.64 (d, J = 0.9 Hz. 1 H, H.50, 7.18 
(d, J = 0.9 Hz. 1 H, H-40. 4.35 (t, J = 6.7 Hz, 2 H. H-4), 4.12 (dd, 
J = 6.0, 5.2 Hz. 2 H, H-2'0, 3.43 (dd, J = 6.0, 5.7 Hz, 2 H, H-l'O, 
1.97-2.09 (m, 4 H, H-2, H-3); NMR ((CD3)2SO) 5 171.4 
(CONH), 146.9 (C-40, 144.5 (O20, 137.5 (C-2"0, 127.7 (C-4', 
C-50, 121.7 ((>5"0, 48.8 (C-4), 47.0 (C-2'0, 45.3 (Ol'0, 31.7 (C- 
2), 25.6 (C-3); MS (DCI) m/z 338 (MH**, 40), 332 (10), 225 (35); 
HRMS (DCI) m/z calcd for CuHicNtOs 338.1213 (MH+). found 
338.1203, Anal. (Ci2Hi6N70b)C,H;N: calcd, 29,07; found 28.32, 
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Similar reaction of 36 and 29 gave N-(2-(5-nitro-lif-imid- 
a2olyl)ethyl]-4-(2-nitro-lif-imida2olyl)butanainide (15) (59%): 
mp (MeOH/iPrzO) 152.5-153 >H NMR ((CD3)2SO) 5 8.07 (s, 
1 H, H-4'"), 7.07 (br t. J = 5.9 Hz, 1 H, CONH), 7.94 (d, J = 1.4 
Hz, 1 H, H-2"0. 7.63 (d, J = 0.8 Hz, 1 H. H-50, 7.18 (d, J = 0.8 
Hz, 1 H, H-4'). 4.31-4.40 (m, 4 H, H-2", H-4), 3,43 (dd, J = 5.8, 
5.3 Hz, 2 H, H-l"). 1.90-2.09 (m,4 H, H-2, H-3); ^H: NMR ((CD3)r 
SO) 5 171.4 (CONH), 144.5 (C-20, 143.4 (C-2"0» 138.5 (C-5"0, 
133.6 (C-4"0, 127.8 (C-50*, 127.7 (C-40*, 48.8 (C-4), 47.0 (O2'0, 

38.0 (C-l'0, 31.6 (C-2), 25.5 (C-3). (♦ Assignments interchange- 
able.) MS (DCI) m/2 338 (MH+, 75), 332 (15), 225 (100); HRMS 
(DC!) m/z calcd for CuHibNtOs 338.1213 (MH+), found 338.1208. 
AnaL (C12H15N7O5) C, H, N. 

Similar reaction of 30 and 19 gave iV-(2-(2-methyl-5-nitro- 
l//-imidazolyi)ethyn-2-(2-methyl-5-nitro-lif-imidazoIyl)- 
ethanamide (16) (55% ) as a hygroscopic foam: *H NMR (CDCU) 
5 7.96 (3, 1 H, H-4"0, 7.39 (s, 1 H, H-40, 6.90 (br s, 1 H, CONH), 
4.92 (3, 2 H, H-1), 4.48 (t, J = 6.5 Hz, 2 H, H-2'0, 3.67 (q, J = 
6.3 Hz, 2 H, H-1'0, 2,50 (3, 6 H, 2CH3); ^^C NMR (CDCI3) 5 166.2 
(CONH), 151.5 (C-2"0*. 151,2 (C-20*, 142.5 (05'")*» 139.9 (C- 
50*. 133.6 (C-4''0*, 133.1 (C-40*, 48.4, 44.6, 39,5 (3CH2), 14.2, 

14.1 (2CH3). (* Assignments interchangeable.) MS (DEI) m/z 
337, (M+, 4). 291 (35), 245 (20), 211 (45), 53 (100); HRMS (DEI) 
m/z calcd for CizHisNtOj 337.1135 (M*), found 337.1142. AnaL 
(Ci2Hi5N705)C,H,N. 

In Vitro Cytotoxicity. Cell lines were maintained as log- 
phase monolayers in tissue culture flasks using antibiotic-free 
Alpha MEM with 10% v/ v heat-inactivated (56 **C, 40 min) fetal 
calf serum. Doubling times were approximately 14 h for AA8, 
15 h for UV4, 9 h for EMT6, and 24 h for FME cells. Cultures 
were tested for mycoplasma contamination frequently, using a 
cytochemical staining method,** Bulk cultures of AA8 ceils were 
prepared in spinner flasks, using the above growth medium plus 
penicillin (icio lU/mL) and streptomycin (100 fig/mL), 

Growth inhibition studies were performed as described in detail 
elsewhere,27.« using 200 AA8, 300 IJV4, 50 EMT6, or 1000 FME 
cells in 0.05 mL per well in 96-well tissue cultiue dishes. Drugs 
were added 24 h after initiation of cultures and removed 18 h 
later. The IC50 was determined as the drug concentration needed 
to reduce the cell mass (protein content, measured 72-78 h after 
drug washout by staining with methylene blue and determining 
absorbance in a microplate photometer) to 50% of the mean 
value for eight control cultures on the same 96-well plate. 

Clonogenic assays with magnetically-stirred 10-mL suspension 
cultures (plateau-phase AA8 cells, 10^/mL) were performed using 
continuous gassing with 5% CO2 in air or N2, as detailed 
elsewhere.^ Both cell suspensions and drug solutions in growth 
medium were preequilibrated under the appropriate gas phase 
for 60 min prior to mixing, to ensure essentisdly complete anoxia 
throughoutthe period ofdrugcontactinhypoxic cultures. Plating 
efficiency was determined at intervals of 0.5-1 h for up to 8 h, 
and the concentration X time required to reduce survival to 10% 
of control values (CTio) was estimated at each drug concentration 
tested. Hypoxic selectivity was determined as the ratio of 
(interpolated) aerobic and hypoxic CTio values at the same time. 

In Vitro Radiosensitizatioii. Stirred suspensions of AA8 
cells were made hypoxic by gassing with 5% CO3inN2for60min 
using the same conditions as in cytotoxicity assays. Cultures 
were irradiated at 37 **C (cobalt 60, dose rate ca. 2 Gy/min) 30 
min after mixing drug and cells, with the cell cultures, waterbath, 
and stirrers positioned in the vertical radiation beam. Samples 
were, withdrawn after each radiation dose (typically 6 Gy 
intervals), and plating efficiency (PE) was determined. The 
surviving fraction (SF) was determined with respect to unirra- 
diated cells from the same culture, assayed immediately before 
irradiation. The data was fitted to the linear-quadratic model 
(In SF = -otD - where D is the radiation dose) to interpolate 
the dose for 10% survival (Dio)* The sensitizer enhancement 
ratio (SER = Dio without dnig/Dio with drug) was determined 
at a range of drug concentrations to estimate the concentration 
for an SER of 1.6 (Cue)- The SF as determined above corrects 
for drug toxicity due to preirradiation drug treatment, but not 
for any additional killing due to drug toxicity during the 
inadiation period. This was determined separately, using cell 
suspensions treated identically with drug, in the same waterbath 
but outside the radiation field; and the SF was calculated relative 



to hypoxic controb. The Ci e was analyzed using only SER values 
for drug concentrations where this toxicity was minimal over the 
irradiation period. 

Drug Uptake Studies. Intracellular and extracellular drug 
concentrations were determined under the same conditions as 
the radiosensitization assays, after a 30-niin hypoxic incubation 
of AA8 cells at a drug concentration equal to the Cii The culture 
(10' cells) was centrifuged at 140g for 5 min, and samples of the 
supernatant (50 fiL) were diluted into 19 volumes of ice-cold 
MeCN for determination of extracellular drug concentration. 
The remaining supernatant was discarded, the tubes centrifuged 
(13000^ for 2 min), aspirated, and centrifuged again to remove 
residual mediimi from the walls of the tube. Water (90 |iL) was 
added to lyse the cell pellets, and 9 volimies of Me(^ was added. 
TheMeCNextractswerefrozenat-80*'C. After thawing, samples 
were centrifuged (13000^ X 5 min), and the supernatant was 
evaporated to dryness. The residues were dissolved in 0.2 inL 
of HPLC mobile phase and centrifuged again to remove any 
particulate matter, and samples (0.17 mL) were analyzed by 
HPLC using a Waters C18 M-Bondapak column (8 X 100 mm) 
at a flow rate of 1.8 mL/min. The initial mobile phase was 
constructed by mixing an organic phase (MeCN/H20,4:l, v/v) 
with formate buffer at pH 4.5 (28 g ammonium formate and 2.55 
mL formic acid in 1 L) in the ratio 18:82. After 2 min the organic 
component was increased linearly to 40% by 12 min* The 
nitroimidazoles were detected by absorbance at 320 nm using a 
Hewlett-Packard diode array detector (HP 1040A). All drug 
concentrations were corrected for recovery (detection efficiency) 
by spiking culture medium (for extracellular recoveries) or lysed 
cell pellets (for intracellular recoveries) with known amounts of 
drug, using concentrations similar to those estimated in the 
unknown samples. Recoveries were in the range 0.70-0.99 for all 
compoimds. Average intracellular concentrations in cells were 
calculated assuming a cellular water volume of 11.6 ixL/10^ AA8 
cells and an extracellular water volimae in the pellet of 1.1 /iL in 
a pelletof 10"^ cells, using [*K^(U)]sucroseto ma^k the extracellular 
space and ^H20 to mark the total water volimie as reported 
elsewhere.^ 

In Vivo Studies. Single cell suspensions were prepared from 
KHT tumors by enzymatic dissociation (0.5 mg/mL, pronase, 
0.2 mg/mL collagenase, 0.2 mg/mL DNAse I for 40 min). The 
tumor was passaged in CaH/HeN mice by sc inoculation of 2 x 
10* cells in the inguinal region. Tumors were prepared in the 
same manner for experiments, and treated when in the size range 
0.5-1.0 mL as assessed by caliper measurements. Compounds 
1 and 10 were administered ip as solutions in phosphate-buffered 
saline, using single or multiple doses of 2.5 nunol and an injection 
volume of 0.01 (1) or 0.04 ( 10) mL/ g body weight per dose. Tumors 
were irradiated 45 min after the last drug dose^ using whole body 
irradiation (cobalt 60) of unanaesthetised, imrestrained mice at 
a dose rate of ca 2.5 Gy/min. Tumors were excised 18 h after 
irradiation, dissociated as above, and the cell yield determined 
with an electronic cell counter. Clonogenic survival was then 
assessed, essentially as described,^^ by plating 10-20 replicate 
1-mL samples in a MEM containing 0.3% agar, with lethaUy* 
irradiated (40 Gy) KHT cells added to give a total of !()* cells/ 
mL, in 24-well culture dishes. After growth for 13 daySrColonies 
were stained by adding 0.175 mL of (iodophenyI)(mtrc^henyi)- 
tetrazolium chloride (0.5 mg/mL in H2O) to each welL Cultures 
were incubated at 37 **€ overnight, and colonies were counted 
with a binocular microscope. 
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Little Is known about the molecular mechanisms 
that control adrenomedullin (AM) production in hu- 
man cancers. We demonstrate here that the ex- 
pression of AM mRNA in a variety of human tumor 
cell lines is highly induced in a time-dependent 
manner by reduced oxygen tension (1% O2) or ex- 
posure to hypoxia mimetics such as desferrioxam- 
ine mesylate (DFX) or CoCI^. This AM expression 
seems to be under hypoxia-inducible factor-1 
(HIF-1) transcriptional regulation, since HIF-1a and 
HIF-1 /3 knockout mouse cell lines had an ablated 
or greatly reduced hypoxia AM mRNA induction. 
Similarly, inhibition or enhancement of HIF-1 activ- 
ity in human tumor cells showed an analogous 
modulation of AM mRNA. Under hypoxic condi- 
tions, tmmunohistochemical analysis of tumor cell 
lines revealed elevated levels of AM and HIF-1 a as 
compared with normoxia, and we also found an 
increase of Immunoreactive AM in the conditioned 
medium of tumor cells analyzed by RIA. AM mRNA 
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Stabilization was shown to be partially responsible 
for the hypoxic up-regulated expression of AM. In 
addition, we have identified several putative hyp- 
oxia response elements (HREs) in the human AM 
gene, and reporter studies with selected HREs 
were capable of enhancing luctferase expression 
after exposure to DFX- Furthermore, transient co- 
expression of HIF-1 Of resuKed In an augmented 
transactivation of the reporter gene after DFX 
treatment Given that most solid human tumors 
have focal hypoxic areas and that AM functions as 
a mitogen, angiogenic factor, and apoptosls-sur- 
vival factor, our findings implicate the HIF-1/AM 
link as a possible promotion mechanism of carci- 
nogenesis. (Molecular Endocrinology 14:848-^2, 
2000) 



INTRODUCTION 

Adrenomedullin (AM) is a recently discovered hypo- 
tensive peptide isolated from a human pheociiromo- 
cytoma (1 ). The cDNAs for human, rat. mouse, pig, and 
cow AM have been cloned and the genomic organi- 
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zation profile for human and mouse identified (2, 3). 
This peptide has been shown to mediate a multifunc- 
tional response in cell culture and animal systems that 
includes regulation of cardiovascular tone, bronchodi- 
lation, modulation of central brain function, natriuretic 
and diuretic action, antimicrobial activity, inhibition of 
hormone release, growth regulation, apoptosis sur- 
vival, and induction of angiogenesis (see review in 
Refs. 4-6). 

Several prior reports have demonstrated AM and its 
corresponding receptor (AM-R) to be ubiquitously ex- 
pressed during embryogenesis and carcinogenesis. 
Eariy in both mouse and rat fetal development AM/ 
AM-R are first detected in the heart, and then they 
appear progressively in other anatomical sites during 
organogenesis (7, 8). Maternal decidual cells and em- 
bryonic cells (fetal cytotrophoblast giant cells) of the 
ectoplacental cone, a site that mimics the invasion 
process of carcinogenesis, also show abundant ex- 
pression of AM/AM-R (8, 9). After its initial identifica- 
tion in a human pheochromocytoma, further studies 
have demonstrated increased AM expression in tumor 
tissue of gangiioneuroblastoma, neuroblastoma, and 
adrenocortical carcinomas (10, 11). In addition, AM 
plasma levels are elevated in patients with gastroin- 
testinal or lung cancer (12). Our group has shown that 
AM and AM-R are expressed in human tumor cell lines 
of the lung, breast, colon, ovary, prostate, brain, car- 
tilage, and blood (13). In several of these lines, AM 
functioned as an autocrine proliferation factor whose 
effect could be inhibited by a neutralizing monoclonal 
antibody (MoAb-G6) causing growth cessation in vitro 
(1 3). Recently, it has been shown that hypoxic condi- 
tions or exposure to CoClg (a transition metal that 
mimics hypoxia) induces an increase in AM mRNA 
expression and protein production in a human colo- 
rectal carcinoma cell line, DLD-1 (14). 

Focal areas of low oxygen tension (<2.0% are 
inherent to the biological processes of embryogene- 
sis, wound repair, and carcinogenesis (15-17). A state 
of diminished free oxygen availability results when re- 
gional grov\rth demands exceed the oxygen supply of 
the capillary bed (15). Under such conditions, an ox- 
ygen-sensing mechanism activates a transcription 
factor known as hypoxia-Inducible factor-1 (HIF-1), 
which in turn up-regulates a series of genes that sup- 
port the cell to compensate for the potentially lethal 
microenvironment (18). HIF-1 is a heterodimer com- 
posed of HIF-1 a and HIF-1 ja/ARNT (aryl hydrocartxjn 
receptor nuclear translocator) subunits, both repre- 
senting members of the PAS (Per, ARNT, Sim) basic- 
helix-loop-helix family (18). Transcription/translation 
products of HIF-1 a and HIF-1 j3 are constitutively ex- 
pressed; however, the HIF-1 a protein contains an 
oxygen-dependent degradation domain that is rapidly 
cleaved by the ubiquitin-proteasome pathway under 
normoxic conditions, thus enabling the modulation of 
HIF-1 activity in an oxygen-dependent manner (19). 
Genes transactivated by HIF-1 include aldolase A, 
enolase 1, erythropoietin (Epo), glucose transporter 1, 



heme oxygenase 1, inducible nitric oxide synthase, 
lactate dehydrogenase A, phosphofructokinase L, 
phosphoglycerate kinase 1, transferrin (Tf), vascular 
endothelial growth factor (VEGF), and endothelin-1 
(ET-1) (18, 20). Low oxygen tension is known to play a 
critical role in embryonic development, causes the 
emergence of drug/radiation-resistant tumor cells, en- 
hances mutagenesis of neoplastic lesions, and ele- 
vates metastatic potential of the tumor (15. 21-24). 

The way AM gene expression is regulated in human 
tumors is not yet known, but a decrease in oxygen 
tension could be a major cause for the induction of this 
molecule. In our present study we actually demon- 
strate the ability of hypoxia and hypoxia mimetics to 
up-regulate the AM message and protein expression 
in a variety of human tumor cell lines. We also made 
use of both molecular and biochemical characteriza- 
tion approaches to support that this induction is me- 
diated by transactivation of the AM promoter by HIF-1 
transcription factor as well as posttranscriptional 
mRNA stabilization. 



RESULTS 

AM mRNA Induction in Human Tumor Cell Lines 
under Hypoxic Treatments 

Northern analysis for AM mRNA expression in a 
variety of human tumor cell lines (cancers of the 
lung, breast, colon, ovary, prostate, bone, and 
blood) demonstrated a consistent increase in mes- 
sage induced by exposure to 1 % O2, desferrioxam- 
ine (DF)Q, or CoClg. All 17 beli lines evaluated in this 
manner showed inducible AM expression, and Fig. 1 
illustrates a representative example of the observed 
responses to our test conditions (6 h exposure to 
100 ^ G0CI2. 6 h exposure to 260 tm DFX or 12 h 
exposure to 1 % OJ. Interestingly, although there is 
variability of expression in the basal AM mRNA lev- 
els between cell lines [the two pulmonary cancer cell 
lines NCI-H1264 (adenocarcinoma) and NCI-H157 
(squamous cell carcinoma) being the opposing ex- 
tremes], all tumor cell lines show Increases in AM 
message expression on exposure to our hypoxic 
test conditions, with calculated test/basal ratios 
ranging from 1.3- to 25-foId. 

We have used MCF7 (breast adenocarcinoma as 
our standard human cancer ceil line for all time course 
studies with exposures to CoClg, DFX. or 1% O2. 
Figure 2, A-C, demonstrates the induction of AM mes- 
sage at different time increments over a 24-48 h ex- 
posure series. Note that although C0CI2 exposure 
causes AM mRNA levels to reach a maximum at 8 h, 
both DFX and 1 % O2 induced an AM message zenith 
at 12 h, indicating a potential mechanistic difference 
between test reagents. Induced maximum levels of 
AM message are maintained with all the hypoxia treat- 
ments tested at 24 h of exposure, and even elevated 
levels are still observed at 48 h of exposure to 1 % Og. 
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Fig, 1. Up-Regu(ation of AM mRNA in Several Human Tumor Cell Lines under Hypoxic Treatments 

Northern blot analysis for AM of cells exposed either to hypoxia mimetics (100 C0CI2, 260 /im DFX) for 6 h, or to a 
hypoxic atmosphere (1% O2. 5% CO2, 94% N2) for 12 h, as compared with untreated cells. Cell lines shown here were 
selected from a total of 17 cell lines tested and also chosen as representatives of the main human tumor types: carcinomas 
of the lung (N417d, H1264, H157). breast (H2380). colon (SNUC-1), ovary (K-OV-3). prostate (DU 145), or chondrosarcoma 
(HTB-94). Fifteen micrograms of total RNA were loaded per lane, and ethldium bromide staining of 28 S rRNA was used to 
check for equal loading and RNA integrity. 



Of the three treatments, exposure to 1 % O2 is the one 
that shows a steeper induction of AM mRNA over time, 
and also more dramatic Increases between the basal 
and the maximum induction are observed (>25-fold 
increase betv\/een maximum induction and baseline 
levels). 

We have also performed a parallel analysis for 
HIF-1a mRNA in MCF7 cells throughout the hypoxic 
studies. HIF-1 a transcript levels remained constant or 
showed a slight decline over time in the C0CI2 and 1 % 
O2 time course studies (Fig. 2, A and C). This obser- 
vation is in accordance with other reports indicating 
that HIF-1 a is mainly regulated not at the transcrip- 
tional level but by protein stabilization in hypoxia, 
whereas the protein is rapidly degraded by the 
ubiquitin-proteasome pathway during normoxic con- 
ditions (19, 25). 

Under Hypoxic Conditions, AM is Also Induced at 
the Protein Level 

To address whether the induction of AM mRNA was 
accompanied by an increase in the production of AM 



protein, the presence and cellular localization of AM 
and HIF-1 a in tumor cell lines at normoxic or hypoxic 
conditions were studied using double immunofluores- 
cence followed by confocal microscopy. A typical im- 
age is shown in Rg. 3, in which prostate carcinoma DU 
145 cells are immunostained for both AM (green fluo- 
rescence) and HIF-1 a (red fluorescence). At normoxic 
conditions (Fig. 3. A and B), both AM and HIF-1 a are 
moderately expressed in the cytoplasm and nucleus of 
the cells. After 12 h exposure to 260 /am DFX, the cells 
showed a marked increase of AM staining in the cy- 
toplasm and nucleus (Fig. 3C); in agreement with our 
previous results (26) HIF-1 a immunoreactivity Is pri- 
marily elevated in the nucleus of the cells (Fig. 3D). 
Similar pattems of staining were obtained with HI 57, 
MCF7, and SNUC-1 cell lines (data not shown). 

Since we and other investigators have reported a 
rapid secretion of the bioactive processed AM peptide 
by human tumor cells and endothelial cells (13, 27), we 
also examined the presence of AM in the conditioned 
medium of MCF7 under hypoxic conditions. As is 
shown in Fig. 4, a significant increase in immunoreac- 
tive AM (IR-AM) was observed for MCF7 cells treated 
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Fig- 2- Time Course Analysis of AM Expression 

Northern blot analysis of MCF7 cells cultured under 100 
fsM C0CI2 (A), 260 fm DFX (B), or 1 % O2 (C) for the indicated 
times. Fifteen micrograms of total RNA were loaded per lane 
and hybridized subsequently with human AM and human 
HIF-1 or cDNA probes. Equal loading was monitored by 
ethidium bromide staining of 28 S rRNA for each blot. 



with 1 % O2 at various times as compared with the 
cells maintained in normoxic conditions. Increasing 
values of accumulated IR-AM in the conditioned me- 
dia of this cell line were also observed for the C0CI2 or 
DFX treatments (data not shown). 



wild-type counterparts under hypoxic treatments. Fig- 
ure 5A illustrates an experiment designed to compare 
AM mRNA levels in these cell lines when subjected to 
6 h treatment of CoClg or DFX. It is shown that HIF-1 a 
null (-/-) mouse fibroblast cells failed to induce AM 
mRNA expression in these conditions, while the wild- 
type HIF-1 a (+/+) fibroblasts showed an Inducible 
response. Similarly, normal HIF-1 )3 (+/+) mouse em- 
bryonic stem (ES) cells demonstrated an inducible re- 
sponse, whereas HIF-1 p null (-/-) ES cells showed a 
32% and a 60% reduced induction when compared 
with the wild-type control, depending on the test re- 
agent examined- 

In addition, when HIF-1 a +/+ and HIF-1 a -/- cell 
lines were exposed to a hypoxia (1 % O2) time course 
study (Fig. 5B), the hypoxic induction of AM mRNA 
was not detectable on the cells with the null mutation, 
although it was present in the wild-type cells. We also 
analyzed the levels of HlF-1a message expression in 
this experiment. Note that HIF-1 a mRNA remained 
constant through the hypoxia treatment; however, 
HIF-1 a transcripts in HIF-1 a -/- cells present a 
higher molecular size than in the corresponding wild- 
type cells, since the null mutation was obtained by 
replacement of the helix-loop-helix domain of HlF-1a 
with a neomycin resistance cassette (28). 

Furthermore, artificial manipulation of HIF-1 activity 
with appropriate biochemical reagents was also used 
to elucidate the role of this transcription factor in AM 
message regulation under hypoxia. In this sense, the 
nitric oxide donor sodium nitroprusside (SNP) as well 
as genistein (a tyrosine kinase inhibitor), are known to 
inhibit HIF-1 activity by blocking the synthesis of HIF-1 
subunits and/or interfering with HIF-1 DNA binding 
activity in hypoxia (29, 30). MCF7 cells were cultured 
for 12 h in normoxic or hypoxic conditions, with or 
without the appropriate biochemical reagents, and AM 
mRNA expression was analyzed comparing the 
treated vs. the nontreated cells (control). As is shown 
In Rg. 6, addition of 100 /jim SNP completely inhibited 
the induced expression of AM mRNA after 12 h of 
hypoxia (1 % treatment, while genistein at 100 yuM 
was a less potent suppressor of the AM mRNA induc- 
tion mediated by low oxygen tension. Thus, the inhib- 
ited activity of HIF-1 with SNP and genistein is corre- 
lated with a suppressive effect on the AM mRNA 
hypoxic induction. Conversely, it has been reported 
that the CO scavenger hemoglobin (Hb) enhances 
HIF-1 activity by increasing HIF-1 DNA binding (31). 
Treatment of MCF7 cells with 50 /im Hb was shown to 
further increase AM mRNA expression under hypoxic 
conditions by approximately 1 .7-foId (Fig. 6). 



The Hypoxic Induction of AM mRNA Is 
Dependent on HIF-1 

To detemnine whether the hypoxic up-regulation of AM 
mRNA was driven by HIF-1 , we used cell lines derived 
from HIF-1 a or HIF-1 j3 knockout mice to evaluate AM 
induction capabilities as compared with those of their 



Stabilization of AM Transcripts under Hypoxia 

Hypoxia-induced up-regulation of gene expression 
can be mediated both by de novo synthesis of mRNA 
and by stabilization of the normally labile mRNAs un- 
der hypoxic conditions. To test whether the latter pos- 
sibility was involved in the induced response of AM to 
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Fig. 3. Double Immunostaining for AM and HIF-1a on DU 145 Cells Analyzed by Confocal Microscopy 

Cells were grown on glass slides, left under nonnoxic conditions (A and B). or treated with 260 DFX for 12 h (C and D), and 
then immunostained for AM and HIF-1a. Equal microscope settings and exposures were maintained on images from normoxic/ 
DFX-treated cells, to compare expression under both conditions. Both AM (A and C) and HIF-1a (B and D) tjecome markedly 
overexpressed after 12 h of DFX treatment. Bar = 5 fun. 



hypoxia, we examined the half-life of AM transcripts 
under normoxic and hypoxic conditions in the pres- 
ence of actinomycin D, a compound known to inhibit 
RNA synthesis. NiCF7 cells were maintained under 
hypoxic (1% O2) conditions for 12 h to sufficiently 
induce the expression of AM transcripts, and AM 
mRNA level at this point was considered the standard 
to which the rest of the samples were compared. After 
the initial hypoxic induction, actinomycin D was added 
at 4 jLig/ml, and the cells were further maintained at 
normoxic or hypoxic {^%0^ conditions from 1 to 4 h. 
As shown in Fig. 7, AM mRNA cleariy decayed more 
rapidly under normoxic than under hypoxic conditions, 
thus indicating a stabilization process in hypoxia. 

Densitometry analysis of the degradation of AM 
mRfvIA under normoxia and hypoxia in this experiment 
was performed, and the pooled data resulted in a 
calculated half-life of the AM mRNA of 1.7 h under 
nonmoxia and of 2.5 h under hypoxia. Our data thus 
indicate that the hypoxia-induced expression of AM 



transcripts is at least partially dependent upon stabi- 
lization of AM mRNA. 

Identification of Putative Hypoxia-Response 
Element (HRE) Sites in the Human AM Gene 

Since it is known that HIF-1 mediated gene transacti- 
vation Involves its binding to distinct nucleic acid htk)- 
tifs, namely HREs, we used GCG computer software 
from Genetics Computer Group (Madison. WO to an- 
alyze the human and mouse AM genes (GenBank ac- 
cession nos. D43639 and D78349, respectively) for 
appropriate HRE sequences. In this analysis we fol- 
lowed the HRE consensus motif proposed by Wenger 
and Gassmann (18. 32): (r,G,G) (A,G) CGTG (C,G.A) 
(G.T.C) (G.T.G) (C.T.G), which has been constructed 
from the nucleotide sequence of HIF-1 binding sites of 
13 oxygen-dependent genes, and allowed for no more 
than a single base mismatch outside the CGTG core 
sequence. We have analyzed not only the 5'-promoter 
region but also the 3'-flanking region, introns/exons, 
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Fig, 4. RIA of IR-AM in the Conditioned Media of MCF7 Cells Cultured under Normoxia or.1% O2 Atmosphere 

After 12 h treatment, levels of AM detected in the conditioned medium of cells in both conditions eire similar; however, at 24 h, 
values of accumulated IR-AM in cultured media of 1% O2 treated cells were significantly higher than those from normoxic cells 
(**, P = 0.004). Values are the mean ± sem. 



and looked for consensus motifs In both sense and 
antisense strands, since these genomic areas have 
been previously shown to have functional HRE sites in 
other HIF-1 -inducible genes (18, 20, 33). With these 
premises, eight putative HRE sites at the 5'- and six 
sites at the 3'-untranslated flanking sequences of the 
human AM gene were found, together with putative 
HRE sequences in the first intron and in exon 3 and 
exon 4 (see Fig. 8). Similar analysis of the mouse AM 
gene identified three putative HRE sites in the anti- 
sense strand of the 5'-promoter region (positions: 
-1143, [AACTCACGgA]; -98. fCAAG CACG Ct]: and 
-62. [tGACCACGCCD. and another three on the 
sense orientation: one in intron 1 (position 533, 
rCG CGTG CTGa]). one in intron 2 (position 727. [Gc- 
CGTGC TTTf). and finally one at exon 4 (position: 1960, 
[GACGEGAaTGD. 

Luciferase Reporter Assays for the Human AM 
Promoter Region under Hypoxia 

To determine whether these HRE sites were actually 
involved in the regulation of AM mRNA expression, 
luciferase reporter studies were perfonned for differ- 
ent regions of the 5'-flanking region of the human AM 
gene. MCF7 cells were transiently transfected with the 
empty parental plasmid (pGL2basic) or with con- 



structs comprising one, two, four, or eight putative 
HREs of the AM promoter (see Fig. 9A). A cotrans- 
fected jS-galactosidase expression vector served as 
internal control for transfectlon efficiency and extract 
preparation. After the transfection, cedls were left un- 
der normoxic conditions or exposed to 260 /tM DFX for 
24 h, and luciferase activity was determined. No sig- 
nificant increase for the luciferase activity in the DFX- 
treated ceils/normoxic cells was obtained when trans- 
fections were performed with constructs containing 
the one or two putative HREs closest to the TATA box 
(Fig. 9A). However, when cells were transfected with 
constructs containing four or eight putative HREs sites 
at the 5'-end of the TATA box, a significant (P < 0.01) 
1.5- and 1.7-fold increase in luciferase activity was 
observed when comparing DFX-treated vs. normoxic 
ceils. 

To test whether we could potentiate the increase in 
luciferase activity for the DFX treated/normoxic cells, 
we performed transient expression experiments using 
the HIF-1 a expression vector pCMVj3-HA-HIF-1 a (34). 
This expression vector was cotransfected into MCF7 
cells together with the empty parental vector or plas- 
mid constructs containing four or eight HREs from the 
AM promoter (pGL2basic, pGL2b-4, or pGL2b-8). and 
the normalization /3-galactosidase plasmid. A repre- 
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Fig. 5. Northern Blot Analysis on HIF-1a and HIF-1^ Knockout Mouse Cell Lines 

Fifteen micrograms of total RNA were loaded per lane, and equal loading and integrity of RNA were monitored by ethidium bromide 
staining of 28 S rRNA. A, AM mRNA induction is suppressed in fibroblast HlF-1 a cells or reduced in ES HlF-1 ^ -/- ceRs treated 
with CoCt or DFX for 6 h as compared with their wild-type counterparts. B, Hypoxia (1 % time course study on HIF-1 a wild-type 
(+/+) and HlF-lot null cells (-/-) probed for mouse AM and HIF-1 a. Note that HIF-1 a null cells fail to induce AM mRNA expression. 




Rg. 6. Expression of AM mRNA in MCF7 Cells Treated with 
Reagents That Modulate HIF-1 Activity 

Northern blot analysis was performed on MCF7 cells cul- 
tured for 12 h in a nonmoxic or hypoxic (1 % fashion with 
or without 50 /im Hb. 100 /xm SNP, or 100 /im genistein. The 
hypoxic induction of AM transcripts in hypoxia was further 
augmented with Hb (a reagent that enhances HIF-1 activity), 
whereas SNP and genistein (known to inhibit HlF-1 activity) 
had a suppressive effect on that induction. 

sentative experiment is shown In Fig. 9B, In which the 
transient overexpression of HIF-1 a augmented the lu- 
ciferase reporter activity after DFX treatment up to 
2.9-fold when four HREs were present, and up to 
4.8-fold with eight HREs as compared with the values 
of transfected cells in normoxic conditions; no signif- 
icant increase was observed when the HIF-1 a expres- 
sion vector was cotransfected with the pGL2basic 
empty vector. 



DISCUSSION 

Oxygen availability is known to play a key role in the 
growth-regulatory process underiying carcinogenesis 
(15). Seminal work by Semenza and collaborators (35, 
36) demonstrated the general involvement of HIF-1 in 
the transcriptional response to hypoxia. Since then, 
several established growth modulation factors/includ- 
ing Epo, VEGF, Tf, ET-1 . and insulin-like growth factor 
binding protein 1 (IGFBP-1), have been shown to be 
under HIF-1 transcriptional control (18. 20, 33). Based 
on previous reports showing that AM functions as an 
autocrine growth factor for certain human tumor cell 
lines (13). we began a comprehensive study to deter- 
mine whether hypoxia could influence the expression 
of AM via HIF-1 in human tumor cell lines as an in vitro 
approach for similar conditions occumng in solid hu- 
man cancers. 

Our initial analysis by Northem blot in a variety of 
human tumor cell lines cleariy demonstrates that hyp- 
oxia increases mRNA levels in these cells as com- 
pared with the untreated controls. Interestingly, there 
is a considerable variation in the basal levels of AM 
mRNA observed in normoxic conditions. High levels of 
basal AM mRNA may arise from the constitutive ex- 
pression of HIF-1 Of protein In certain cells, a condition 
that has been previously reported for primary cultures 
of human pulmonary arterial smooth muscle cells (37). 
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Fig. 7. Stabilization of AM Transcripts under Hypoxia 

MCF7 cells were treated with 1 % O2 for 1 2 h to induce the expression of AM mRNA. After addition of actinomycin D at 4 /ng/ml, 
cells were further maintained in nomnoxic or hypoxic conditions for the indicated times. Fifteen micrograms of total RNA were then 
loaded in each lane for Northern blot analysis of AM transcripts. AM mRNA levels at each point were compared with levels 
observed at 12 h hypoxia (previous to the addition of actinomycin D), and the half-life for AM transcripts under normoxic and 
hypoxic conditions was estimated. 



in the time course expferlnnents using MCF7 cells sub- 
jected to an hypoxic environment, we also demon- 
strate that the AM mRNA induction is paralleled by a 
somewhat delayed increased secretion of AM peptide 
from the cells to the conditioned media. Given our 
prior finding that endogenous AM functions as an au- 
tocrine growth factor for MCF7 (1 3), the demonstration 
that hypoxia augments bioactlve AM production and 
secretion in these cells suggests that a similar sce- 
nario may take place in tissue neoplasms. The pro- 
duction and secretion of AM at the hypoxic areas 
present In tumors (15) could establish an autocrine/ 
paracrine-mediated proliferation event leading to tu- 
mor growth. In addition, since AM has angiogenic and 
vasodilator capabilities (1. 6). the secreted AM could 
induce neovascularization and facilitate nutritional 
supplementation to the tumor cells. Finally, AM also 
has been shown to protect cells from apoptosis (5), 
and this feature could selectively rescue tumor cells 
from programmed cell death and might even predis- 
pose tumors to a more malignant phenotype (15). 

The data obtained with the HIF-1 a and HIF-1 
knockout mouse cell lines, together with those from 
the HIF-1 biochemical modulation studies performed 
on MCF7 cells, provide consistent evidence support- 
ing the major Involvement of HIF-1 in the transcrip- 
tional activation of AM by hypoxia and suggest that 
AM could be considered a new member of the growing 
family of HIF-1 -targeted genes. The absence of induc- 
ible AM mRNA expression in HiF-1 a null mouse fibro- 
blast cell line under hypoxia seems to highlight the 
critical importance of the HIF-1 a subunit in the trans- 
activation of AM mRNA. Recent studies with HIF-1 a 
knockout mice have shown this genetic deletion to be 
an embryonic lethal event in the later stages of fetal 
development (28, 38). In addition, tumors derived from 
mouse ES cells with HIF-1 a null genotype have re- 
tarded growth, reduced VEGF expression, and less 
angiogenesis than their wild-type counterparts (28). 



Given that AM is also highly expressed during embry- 
ogenesis (8), it would be interesting to evaluate 
whether there are modifications in the AM distribution 
patterns in eariy HIF-1 a null embryos. HIF-2a, a hy- 
poxia-inducible transcription factor sharing homology 
with HIF-1 a, has recently been shown to be essential 
in embryonic vascularization and catecholamine pro- 
duction (39); we cannot exclude a possible role of 
HIF-2a in AM transactivation in endothelial and cat- 
echolamlnes-producing cells of embryos as well as 
catecholamines-producing tumors. In contrast to 
HIF-1 a knockout cell lines, ES HIF-1 )3 null cells under 
hypoxia showed a diminished AM mRNA induction as 
compared with their wild-type counterparts, which 
may reflect the ability of other basic helix-loop-helix 
family members (e.g. ARNT 2 and ARNT 3) to com- 
pensate for the loss of HIF-1 in the formation of a 
functional heterodimer with HIF-1 a, albeit at lower 
efficiency (40, 41). 

Prior studies have demonstrated the ability of re- 
duced oxygen tension to mediate elevations in AM 
message/protein expression in several animal and cell 
systems. In this sense, hypoxia was shown to induce 
AM gene expression and secretion in cultured human 
umbilical vein endothelial cells (42); focal ischemic 
regions of the rat brain show high AM mRNA expres- 
sion (43), and patients with chronic obstructive pulmo- 
nary disease involving tissue hypoxia have elevated 
AM plasma levels (44). Nakayama and colleagues (14) 
have demonstrated that hypoxia can elevate AM 
mRNA and protein expression in a single human colo- 
rectal carcinoma cell line, DLD-1; however, these in- 
vestigators did not identify any HRE motife in the 5'- 
upstream flanking region of the human AM gene and 
suggested the possible involvement of AP-1 in the 
hypoxia elevation they observed. Given that the AM 
promoter has several AP-1 binding motifs and that 
hypoxia can elevate c-/bs, which in tum can activate 
AP-1 expression (45, 46), their supposition had a log- 
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Fig. 8. Schematic Drawing of Potential HRE Motifs in the Human AM Gene 

Genomic structure was taken from GenBank accession no. D43639. Identification of putative HIF-1 binding sites is derived from 
the HRE consensus sequence model of Wenger and Gassmann (1 8, 32), which represents the deca base region fr.G.C)(A.G >CGT- 
G(C,G^)(GJ,CXG.T,CXCJ,G), and allowing for only one base mismatch outside the CGTG core structure. HRE sites in the 
schematic drawing are indicated by foivercase ieUers within circies, GCG analysis was performed in both sense and antisense 
orientation, and nucleotide positioning of HRE sites was based on the AM transcriptional start site as +1. Accompanying chart 
identifies numerical posititioning of HRE, single mismatched t>ase. and 5'- and 3'-flanking sequences. 



ical basis and may in fact work in concert with our 
observed HIF-1 -driven AM expression. Recently, it 
was also reported that the hypoxic expression of AM in 
rodent cardlomyocytes is under HIF-1 control (47); 
although Cormier-Regard and colleagues cleariy dem- 
onstrate the induction of AM mRNA under hypoxia, no 
experimental data confirming a similar relationship for 
AM peptide were shown. 

In our iuciferase reporter studies, MCF7 cells were 
transfected with reporter plasmid constructs contain- 
ing one. two, four, or eight of the putative HRE con- 



sensus sequences that we identified in the human AM 
promoter. Only when four or eight potential HREs were 
present, a statistically significant fold increase in Iucif- 
erase expression was observed on exposure to DFX 
over that of untreated controls. Although the Iuciferase 
induction observed in our test conditions is modest, it 
is within the range observed for the mouse AM gene 
(47) and human Tf (48). For the human VEGF gene, It 
has been reported that the increase in transcription 
rate cannot account for all the observed increase in the 
steady-state VEGF mRNA levels induced by hypoxia 
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Rg. 9. Evaluation of HRE Activity by Lxiciferase Reporter Assay 

A, Hypoxia responsiveness of the human AM 5'-flanking region. Schematic diagrams of the luciferase plasmids used in this 
study, containing one. two. four, or eight putative HREs are shown on the left. The HRE sites are named in the same way as in 
Rg. 8, and numbenng refers to the region of the AM promoter inserted into the parental pGL2basic vector relative to the AM 
transcription start site as +1. MCF7 cells were transiently transfected with one of the mentioned luciferase plasmids and a 
pSV-^-galactosidase control vector. After nonnoxic or 260 /im DFX exposure for 24 h, luciferase acitivity was detenmined by 
normalization to the con-esponding ^-galactosidase values. For each construct tested, fold increase of luciferase activities with 
260 fiM DFX vs. luciferase values in normoxia (arbitrarily defined as 1) are represented. Means ± sem of three to five independent 
experiments are shown; **, P < 0.01 . P < 0.001 . B, Transient expression of HIF-1 a potentiates the enhanced luciferase activity 
after exposure to DFX. MCF7 cells were transiently cotransfected with the HIF-1 a expression vector (pCMV0-HA-HIF-1 a) and the 
plasmid constructs shown at the left of the figure. After nomioxic or 24 h DFX (260 /im) treatment, the luciferase activity was 
detenmined. connected for transfection efficiency according to the j3-galactosidase activity, and in each case nonnalized to the 
luciferase value in nonnoxic conditions arbitrarily defined as 1. 
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(49), and important posttranscriptiona! regulation 
events mediated by mRNA stabilization do, In fact, 
take place (50). A similar situation could also be de- 
picted for the human AM gene, since not only tran- 
scriptional activation but also, as we have shown, RNA 
stabilization events contribute to the AM mRNA up- 
regulation under hypoxic conditions. We cannot ex- 
clude, however, the possibility of major functional HRE 
sites at the 3'-flanking region of the human AM gene, 
a location that has been shown for HREs in the human 
and mouse Epo gene (51, 52). Furthermore, when 
MCF7 cells were cotransfected with a HIF-1a expres- 
sion vector and plasmid constructs containing four or 
eight HREs of the 5'-flanking region of the human AM 
gene, the Increase in luciferase activity was remark- 
ably potentiated as compared with the Increase ob- 
tained with the pGL2-4 or pGL2-8 plasmids alone. 
This stimulated luciferase reporter activity with the 
transient overexpression of HIF-1a has also been re- 
ported for the human Tf, VEGF, and Epo genes (48, 
53). These data further support that the transcriptional 
activation of AM in hypoxic conditions Is driven by 
HIF-1 and not through other transcriptional factors 
activated by hypoxia; additionally, they give stronger 
evidence that at least some of the selected potential 
HRE sites in the 5'- flanking region of the human AM 
gene are functional in the up-regulatlon of AM tran- 
scription under hypoxia. 

Based on our actinomycin D studies, we clearly 
demonstrate AM mRNA stabilization mediated by hy- 
poxic conditions. Recent studies on RNA degradation 
mechanisms have Identified hypoxia-inducible pro- 
teins that bind to adenylate-urldylate (AU)-rich ele- 
ments of the 3' -untranslated region (3'-UTR) of short 
half-life RNA {/.e. VEGF, c-Myc. c-fos) and suppress 
ribonuclease degradation (54, 55). One such stabiliz- 
ing RNA-blnding protein, HuR, has been shown to 
interact with AUUUA or AUUUUA base sequences In 
the S'-UTR of the VEGF mRNA and to extend its 
half-life under hypoxic conditions (55). Interestingly, 
the 3'-UTR of both human and mouse AM mRNA have 
AUUUA and AUUUUA sequences that could possibly 
augment message survival during reduced oxygen 
tension through a similar HuR or HuR-like Interaction. 
In addition, tumor cell lines that have a mutated von 
Hippel-Undau (VHL) tumor suppressor gene contain 
constitutively stabilized VEGF mRNA and also have 
constltutively expressed stabilizing RNA-blnding pro- 
teins (54). Considering these reports and the recent 
discovery by Ratciiffe and co-workers that the VHL 
gene product controls the degradation of HIF-1 a pro- 
tein (25), it will be interesting to determine the status of 
the VHL suppressor gene in those human tumor cell 
lines that have an elevated basal expression of AM 
message under normoxic conditions ij.e. HI 57), to 
determine whether this feature relates to an increased 
half-life of AM mRNA mediated by constitutive expres- 
sion of stabilizing RNA-binding proteins. 

In conclusion, we have shown evidence in favor of 
hypoxia as an Inducer of AM mRNA and protein ex- 



pression in human tumor cell lines. The data obtained 
from HIF-1 knockout mouse cell lines, biochemical 
modulation of HIF-1 activity, and transfection experi- 
ments give solid proof for the involvement of HIF-1 in 
the up-regulation of AM mRNA under hypoxic condi- 
tions. In addition to HIF-1 transcriptional activation, 
increased hypoxic mRNA stability also accounts for 
AM induction based on our actinomycin D assays. Our 
collective data, taken together with previous reports 
that most solid human tumors have common hypoxic 
regions (1 5) and that AM can function as a mitogen/ 
angiogenic factor/apoptotic survival factor (5, 6, 13), 
implicate H1F-1/AM as members of a potential promo- 
tion mechanism of carcinogenesis and identify a pos- 
sible biological target for intervention strategies 
against malignant disease. 



MATERIALS AND METHODS 



Cell Lines, Hypoxia Treatments, and Reagents 

Cell lines used in this study were selected to represent an 
an^y of the most widely distributed human cancer types. In 
particular, we used representatives of carcinomas (CA) or 
carcinoids of the lung [N417d (small cell CA), H1264 (ad- 
enoCA), H157 (squamous cell CA), H720 (carcinoid)], breast 
(H2380, MCF7. SK-BR-3. ZR-75), colon (H630, H716, 
SNUC-1), ovary (OVCAR-3, SK-OV-3), prostate (DU 145, PC- 
3-M), chondrosarcoma (HTB-94) or promyelocytic leukemia 
(HL-60). All cell lines were obtained from the National Cancer 
Institute-Navy Medical Oncology Branch or purchased 
through the American Type Culture Collection (ATCC, Man- 
assas, VA). All tumor cell lines were cultured in RPM1 1640 or 
DMEM media supplemented with 10% heat inactivated FBS, 
2 mw L-glutamine, 10 mM HEPES buffer, 100 U/ml penicillin, 
and 100 fig/m\ streptomycin (all tissue culture reagents pur- 
chased from Life Technologies, Inc., Gaithersburg, MD). The 
development, characterization, and maintenance of embry- 
onic stem cell lines from HIF-1 ^ knockout mice have been 
previously described (56). The HIF-1 a (-/-) fibroblast cell 
line was generated from HIF-1 a nutt mice (28) via SV-40 
transfonmation of embryonic fibroblast cells; HIF-1 a (-/-), 
and (+/+) fibroblast cell lines were maintained with the same 
media as specified for the human tumor cell lines. 

Cells were cultured at 37 C in 20% O2, 5% CO2. 75% Nj 
for nomioxic conditions, and new media were added 12 h 
before the beginning of each hypoxia experiment. The hyp- 
oxia induction was achieved either by hypoxia mimetics: 100 
fsM C0CI2, 260 fiM DFX mesylate (both from Sigma, St. Louis, 
MO), or by culturing cells in a hypoxia chamber at 37 C with 
1 % O2. 5% CO2, 94% N2 atmosphere. The hypoxia chaml>er 
was fabricated from a Latxonco seamless fiberglass vacuum 
desiccator (Rsher Scientific, Pittstnirgh, PA^ frtted with two 
stainless steel angle ball valves having serrated hose con- 
nectors (Washington Valve & Fitting Co., Frederick, MD), 
which allowed for chamber equilibration to hypoxic environ- 
ment via venting with gas mixture (Roberts Oxygen Co., 
Gaithersburg, MD). The chaml>er was tested for leaks under 
positive pressure using a bubble-fonming agent (SNOOP, 
Nupro Co., Willouhby, OH) and was shown to hold a 3 psi 
charge for 48 h. 

In the HIF-1 modulating studies, different agents were 
added to the culture media, and then the cells were incubated 
under normoxic conditions or in the hypoxia chamber for 1 2 h 
at 37 C. SNP (a NO donor), and genistein (a tyrosine kinase 
inhibitor), were used at 100 /xm to inhibit HIF-1 activity (29, 
30), Hemoglobin (Hb), which acts as a CO scavenger, was 
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used at a final concentration of 50 /im to up-regulate HlF-1 
activity (31); Hb was prepared by treatment with excess 
reducing agent sodium dithionite (57). All reagents were pur- 
chased from Sigma. 

For the AM mRNA stabilization studies, cells were initially 
exposed to 12 h hypoxia, after which actinomycin D was 
added at a final concentration of 4 /xg/ml (Sigma); cells were 
subsequently maintained from 1 h to 4 h under normoxic or 
hypoxic conditions* 

Northern Blot Analysis 

Immediately after treatment for the indicated times, cells 
were washed once in PBS, and total RNA was extracted 
using the guanidine isothiocyanate and cesium chloride 
method (58). Fifteen micrograms of RNA were loaded per 
lane, run in 1 % agarose gels containing 2.2 m formaldehyde, 
blotted by capillarity onto nitrocellulose membranes (Schlei- 
cher & Schuell, Inc., Keene, NH), and baked for 2 h at 80 C. 
Equal loading and integrity of RNA were monitored by 
ethidium bromide staining of the 28 S subunit of rRNA. 

The human AM cDNA probe used in this study was 
generated as an RT-PCR product (831 bp) obtained using 
oligonucleotide primers: 5'-TACCTGGGTTCGCTCGCCTTC- 
GTA-3' (sense, bp 184-207) and 5'-CTCCGGGGGTCTCAG- 
GATTCATTr-3' (antisense, bp 991 -1 01 4). The human HlF-1 a 
cDNA probe was also produced by RT-PCR (1308-bp prod- 
uct) using oligonucleotide primers: 5'-CGGCGCGAACGA- 
CAAGAAAAAGAT-3' (sense, bp 43-66) and 5'-TCGTT- 
GGGTGAGGGGAGCATTACA-3' (antisense, bp 1327-1350). 
Numbering of the nucleotide base positioning was taken from 
the GenBank profile accession no. D14874 (human AM 
mRN/^ and U22431 (human HIF-1 a mRNA). All RT-PCR 
products were sequenced to validate base integrity of the 
probes. The mouse AM cDNA 550-bp probe was a gift from 
Dr. Sonia Jakowlew (59). 

Probes were labeled with [a-^P]dCTP (3000 Ci/mmol; 
NEN Life Science Products, Boston, M^^ by random priming, 
and unincorporated nucleotides were removed by Probe- 
Quant G-50 Micro Columns (Amersham Pharmacia Biotech, 
Piscataway, NJ). Hybridization was cam"ed out ovemight at 
42 C in a hybridization buffer containing 40% formamide (58). 
After stringency washes, blots were exposed to XAR film 
(Eastman Kodak Co., Rochester, NY) at -80 C for varying 
times. Densitometry of the autoradlograms was performed 
using a Chemilmager 4000 (Alpha Innotech Corp,. San Le- 
andro, CA), The half-life of the endogenous AM mRNA was 
calculated using Prism 3.0 software. 

Confocal Immunofluorescence for AM and HIF-1 a 

Cells were grown on glass slides, treated with 260 /xm DFX for 
12 h, and fixed in Bouin's fluid (Sigma) for 10 mtn at room 
temperature. Slides were blocked with normal goat serum 
(1:30 in PBS) for 30 min and then Incubated ovemight at 4 C 
in a mixture of both antibodies: mgc3 antihuman HIF-1 a 
monoclonal antibody (60) at 1 :500 dilution and rabtHt antihu- 
man AM 22-52 antibody (1 3) at 1 :1 ,000 dilution. The second 
layer consisted on a mixture of Rhodamine-anttmouse and 
Bodipy-antirabbit IgGs (Molecular Probes, Inc., Eugene. OR) 
at a final concentration of 1.200 each. The cells were ob- 
served with a Cart Zeiss Laser Scanning Microscope 510. 
equipped with four lasers. Images from cells subjected to 
DFX treatment and normoxic controls were taken with exactly 
the same microscope settings and exposures, to compare 
expression of AM and HIF-1 a in both conditions. 

RIA of Immunoreactive AM 

Concentrations of AM in culture media of MCF7 cells under 
hypoxia or mimetlcs treatment were measured by double 



antibody RIA. Samples of culture media (1 ml) were mixed 
with an equal volume of 0.1% alkali-treated casein in PBS, 
pH 7.4. and applied to reverse-phase Sep-Pak C-18 car- 
tridges (Waters Corp., Milford, MA). The proteins were eluted 
with 3 ml of 80% isopropanol containing 0.125 n HCI and 
lyophilized. Extracts were reconstituted in 0.4 ml of RIA buffer 
(10 mw phosphate. 50 mM EDTA, 135 mM NaCI, 5 mM 
NaHCOa, 0.05% Triton X-100, 0.1% Tween-20, 0.1% alkali- 
treated casein, 20 mg/l phenol red, pH 7.4), and spun to 
remove any solid matter. After a 24-h preincubation of 0.1 ml 
of sample with 0.1 ml of antihuman AM antibody (Phoenix 
Pharmaceuticals, Inc., Mountain View, CA) at 4 C, 0.1 ml of 
^^^I-Ial5eled AM (Phoenix Phanmaceuticals. Inc.) was added 
(1 0,000 cpm) and the mixture was incubated at 4 C ovemight. 
Bound tracer was separated by polyethylenglycol-facilitated 
precipitation with goat antirabbit IgG and nonmal rabbit se- 
rum. After centrifugation, the supernatant was discarded, and 
the radioactivity in the pellets was determined in a 7-counter. 
Data were statistically evaluated by a two-tailed Student's t 
test using Prism 3.0 software. Differences were regarded as 
significant at a value of P < 0.05. 

Reporter Plasmid Constructs 

A PGR product of 1 1 8 bp (- 1 1 8, - 1) containing the putative 
HRE site closest to the transcription start site in the 5'- 
flanking region of the AM gene (named HRE f in Rg. 8) was 
generated using human genomic DNA as template and the 
following oligonucleotide primers: sense, 5'-GCTGAGGAAA- 
GAAAGGGAAG-3' and antisense, 5'-TGTCACCAAGAAAC- 
CACTGA-3'. Similariy, primers: sense. 5'-AGCCCCAAAG- 
GAAGCAATGC-3' and antisense. 5'-TGTCACCAAGAAACC- 
ACTGA-3' were used to generate a PGR product of 166 bp 
(-166, ~1) comprising the two potential HREs closest to the 
transcription start site of the AM promoter (HREs named e 
and f in Fig. 8). Each of the resulting 1 18-l)p and 166-bp DNA 
fragments were ligated into the pCR2.1 vector (Invitrogen. 
Carisbad, CA) to generate pCR2.1-118 and pCR2.1-166. 
These plasmids were then digested with Hin6\\\ and X^ol, and 
the resulting DNA fragments were cloned into the same sites 
of a promoterless luciferase reporter pGL2basic (Promega 
Corp.. Madison, WI) to generate pGL2t>-1 and pGL2b-2, 
respectively. 

The entire 5'-flanking region of the human AM gene was 
amplified by standard PGR from human genomic DNA using 
primers: sense, 5'-GAATTCAGGTCCGCTCAGGTGACTCCT- 
TCC-3' and antisense. S'-GAGCTCGCTAGCCAGTGTCAC- 
CAAGAAACC-3' (the antisense primer introduced a Sad site 
[under1ined\ and an Nhel site [botdecfj). The resulting 1755 bp 
(-1751. +4) product was ligated into the pCR2.1 vector to 
generate pCR2.1-1 755. An Nhe\/Nhe\ fragment from 
pCR2.1-1 755 was subcloned into the same site of 
pGL2basic generating pGL2b-4 (which carries 4 putative 
HREs from the 5'-end of the AM promoter, namely c, d. e, 
and f in Fig. 8). In the same way, a SacUSacl fragment from 
pCR2.1-1755 was also subcloned into the Sac\ site of 
pGL2basic, generating pGL2b-8, which encompasses the 8 
putative HREs in the 5'-fIanking region of the AM gene (HREs 
a. b. c. d, e, f, q, and r in Fig. 8). The fidelity of all PCR-derived 
sequences was verified by sequence analysis. AH positions 
are refenred relative to the transcription start site of the AM 
gene (+1; see Fig. 8). 

The HIF-1 a expression vector (pCMV^HA-HIF-1a) (34) 
was generously provided by Dr. D. Livingstone (Dana Farther 
Cancer Institute). 

Transient Transfections and Luciferase Reporter Assay 

Approximately 20 h before transfection 1 .5 x 10® MCF7 cells 
were seeded onto 60-mm plates. Each dish was then trans- 
fected for 4 h in the presence of lipofectAMINE and Optimem 
medium I (Life Technologies. Inc.) with 1 jitg of pSV-^-galac- 
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tosidase control vector (Promega Corp.) and 3 /ig of one of 
the following plasmids: pGL2basic, pGL2b-1, pGL2b-2, 
pGL2b-4, or pGL2b-8. For the HIF-1 a transient overexpres- 
sion assays, 5 tug of the pCMV/3-HA-HIF-1a vector were 
cotransfected with an equal amount of one of the following 
plasmids: pGL2basic, pGL2b-4, or pGl-2b-8, together with 1 
|tg of pSV-/3-Galactosidase control vector (quantities referred 
per dish). All transfections were carried out in duplicate with 
aliquots of transfection mixture from a single pool. After 
transfection, cells were incubated in RPMI 1640 medium 
supplemented with 10% FBS and were either treated with 
DFX at 260 fiM for 24 h or left under normoxic conditions for 
the same time. Cells were then collected in EBC lysis buffer 
with protease inhibitors (40 mw Tris, pH 8.0, 120 mM NaCI, 
0.5% NP-40, 1 mM AEBSF, 10 /ig/ml aprotinin, 1 mM NaVO^, 
1 0 ^tg/ml leupeptin), and lucif erase and ^-galactosidase ac- 
tivities were determined according to the manufacturer's in- 
structions using aTopCount NXT Packard luminometer and a 
Bio-Rad Laboratories, Inc. 3550 Microplate Reader. Lucif- 
erase readings were nonnalized by the /5-galactosidase val- 
ues to correct for differences in transfection efficiency and 
extract preparation. For each construct transfectants, data 
were expressed as fold increase of the luciferase value ot>- 
tained with the DFX treatment as compared with the lucif- 
erase value obtained in nonnoxic conditions, which was ar- 
bitrarily defined as 1. Data were statistically evaluated by a 
two-tailed one-sample Student*s t test using Prism 3.0 soft- 
ware. Differences were regarded as significant at a value of 
P < 0.05. 
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RADIOLABELED FLUOROMISONIDAZOLE AS AN 
IMAGING AGENT FOR TUMOR HYPOXIA 

Janet S. Rasey, Ph.D. * Wui-jin Koh, M.D.,* John R. Grierson, PH.D,,t 
Zdenka Grunbaum, M.S.t and Kenneth A. Krohn, PH.D.*t 

University of Washington School of Medicine, Seattle, Washington 98 1 95 

Fluoromisonidazole labeled with H-3 or F-18 has been tested as a quantitative probe for hypoxic cells in vitro and 
in rodent and spontaneous dog tumors in vivo. In V-79, EMT-6(UW), RIF-1, and canine osteosarcoma cells in 
vitro, the binding of 50 [HOIFluoromisonidazole was 50% inhibited by 1000-2000 ppm Oj, relative to binding 
under anoxic conditions. After a 3 hr incubation with labeled drug, the anoxic/oxic binding ratios ranged from 12 
to 27 for the four cell types. Retention of (H-SJfluoromisonidazole 4 hr after injection was greater in large KHT 
tumors (400-600 mm^) with an estimated hypoxic fraction > 30%, than in smaller tumors (50-200 mm^) with an 
estimated hypoxic fraction of 7-12%. RIF-1 tumors, with an estimated hypoxic fraction of 1 .5%, retained the least 
label, with tumor: blood ratios ranging from 1.7 to 1.9. Spontaneous dog osteosarcomas were imaged with a time 
of flight positron emission tomograph for up to 5 hr following injection of [F-IS] fluoromisonidazole. Analysis of 
regions of interest in images allowed creation of dynamic tissue time activity curves and calculation of tissue uptake 
in cpm/gram. These values were compared to radioactivity in plasma. In all cases, retention in some tumor regions 
exceeded that in plasma and in normal tissue, such as muscle or brain, by 3 to 5 hr post injection. Uptake of 
fluoromisonidazole in tumors was heterogeneous, with ratios of maximum to minimum uptake as high as 4 in 
different regions of interest in the same tumor. Tumorrplasma values ranged from 0.28 to 2.02. The oxygen dependency 
of fluoromisonidazole retention was similar in a variety of cefl types and was 50% inhibited by Oj levels in the 
transition between full radiobiological hypoxia and partial sensitization. The quantitative regional imaging of 
|F-18] fluoromisonidazole in spontaneous canine tumors at varying times post-injection lays the basis for imaging 
and modeling of oxygen-dependent drug retention in different regions of human neoplasms. 

Tumor, Hypoxia, Positron emission tomography, Fluoromisonidazole, Tumor predictive assay. 



INTRODUCTION 

Radiation resistant hypoxic tumor cells are assumed to 
be a major cause of local failure in radiotherapy. The 
existence of radioresistant hypoxic cells in tumors has been 
inferred from histological studies (30) and radiosensiti- 
zation of tumors by hyperbaric oxygen (12) or electron 
affinic nitroimidazole sensitizers (5). Hypoxia has been 
confirmed by a few direct measurements with oxygen- 
sensing electrodes in breast cancer (2), cervical cancer ( 1 6), 
and in neck nodes metastatic from head and neck cancers 
(9). Where low tumor p02 has been confirmed with elec- 
trode measurements, radioresistence was observed (9). 
However, hyperbaric oxygen (12) or sensitizing drugs (21) 
improve radioresponse of only a few tumors, indicating 
that hypoxia may not be a general cause of treatment 



failure. It is important to put the hypoxia problem in per- 
spective on the list of possible causes of failure of radio- 
therapy (22). 

Direct invasive measurements with oxygen electrodes 
are technically difficult and limited to superficial tumors. 
An imaging technique that could detect and quantitate 
hypoxic cells noninvasively and repeatedly would be of 
value. For this reason, there has been recent interest in 
some electron affinic drugs, typified by misonidazole, 
which selectively bind in cells at reduced p02 (3, 4, 6, 8, 
13, 25, 26). Such drugs, labeled with an appropriate ra- 
dioisotope, could form the basis for a positive image of 
hypoxia. A misonidazole congener fluoromisonidazole 
(FMISO) has been labeled in high yield with the positron 
emitting isotope F-18 (10). 

Studies with tritium labeled FMISO have shown its po- 
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tential as a quantitative probe for hypoxia in rodent cells 
and tumor systems (25) and a dog myocardial infarct 
model ( 1 7). This manuscript further quantifies the oxygen 
dependency of fluoromisonidazole binding in rodent and 
canine tumor cells in vitro and in transplantable mouse 
tumors and presents the first images of spontaneous an- 
imal tumors with [F-18] fluoromisonidazole. 

METHODS AND MATERIALS 

Radiolabeled drugs 

(H-3] FMISO was synthesized in our laboratories as 
described by Grunbaum etal(\\) using a method mod- 
ified from that of Bom and Smith (1) for synthesizing 
[H-3] misonidazole. Briefly, the secondary alcohol in the 
alkyl side chain of FMISO was oxidized to the corre- 
sponding ketone, followed by reduction to the alcohol 
with [H-3] sodium borohydride. Specific activities as high 
as 500 /iCi/mg (94.5 mCi/mMol) were obtained, but the 
experiments reported here used a drug with a specific ac- 
tivity of 13 to 25 MCi/mg (2.46-4.72 mCi/mMol). 

[F-18] FMISO was synthesized in a two step, two pot 
reaction (10). Briefly, [F-18] fluoride was reacted with 2R- 
(-)glycidyl tosylate to prepare [F-18]-epifluorohydrin. 
Subsequently, the reaction of [F-18] epifluorohydrin with 
2-nitroimidazole produced [F-18] FMISO. This synthesis 
can yield 20-30 milliCuries of [F-1 8] FMISO with a 40% 
radiochemical yield and a specific activity of greater than 
650 Ci/mmol. 

Cell culture and rodent tumor systems 

V-79 1 1 7 1 B Chinese hamster lung fibroblast cells were 
obtained* and maintained by seeding 2 X 10^ cells/25 
cm^ flask in Eagles MEMf plus 10% fetal bovine serum 
(FBS)t and antibiotics. Cells were obtained from a spon- 
taneous dog osteosarcoma and cultured in a 1:1 mixture 
of Dulbecco's MEM and Ham's F-10 mediumf plus 10% 
FBS. Routine cultures of this line, designated UW CaOs- 
1, were seeded with 2.5 X 10^ cells/25 cm^ flask and fed 
at weekly intervals. 

Two rodent tumor systems having cells capable of 
growth in vitro as monolayers or in vivo as solid tumors 
were used in our studies. The growth characteristics and 
maintenance of the in vitro and in vivo forms of the EMT- 
6(UW) sarcoma of the BALB/c mouse and the RIF-1 sar- 
coma of the C3H/Km mouse in our laboratories have 
been described previously (23, 27). RIF-1 tumors were 
used for biodistributions at 10 to 12 days post transplant. 
Two additional tumor systems were used for some biodis- 
tribution studies, the C3HBA mammary adenocarcinoma 
(20) or the KHT sarcoma, each growing in the C3H/Km 



mouse.§ These two tumors were maintained by mouse- 
to-mouse passage. Tumors were produced by subcuta- 
neous injection of 1-2 X 10^ ceUs in Hanks' balanced salt 
solution. Cell suspensions were prepared by digestion of 
minced tumors in 1% neutral proteasef dissolved in Way- 
mouth's tissue culture medium plus 15% FBS. 

In vitro drug binding experiments 

Binding of FMISO in cells in vitro at various oxygen 
levels was examined in UW CaOs-1, V-79, EMT-6(UW), 
or RIF-1 cells. The timed cellular uptake of labeled 
FMISO (50 umoI/L) as a function of oxygen levels (pOz 
of 0 to 160 mm Hg; gas mixtures containing 0 to 210,000 
ppm) was examined in exponentially growing cells in glass 
Petri dishes using the thin-film culture technique of Koch 
(14). Briefly, exponentially growing cefl monolayers cov- 
ering only the central 2.5 cm area of the dish were incu- 
bated with 1 ml drug-containing medium/60 mm dish 
and were subjected to multiple gas exchanges wdth the 
desired oxygen level under reduced pressure in aluminum 
chambers connected to a manifold monitored with a vac- 
uum gauge. This allowed rapid outgassing of O2 from the 
cells and medium and equilibration with the desired O2 
level. Incubation under slightly reduced pressure (700 
mm) for varying time allowed determination of uptake 
of radiolabeled drug into cells. At the end of incubations, 
cells were rinsed, trypsinized, and prepared for liquid 
scintillation counting as described in Rasey et al (24). 
The gassing procedure and subsequent incubation for up 
to 3 hr under reduced pressure and anoxia does not dam- 
age the cells when viability is tested by colony forming 
ability. 

Rodent tumor biodistribution experiments 

Biodistribution of [H-3] FMISO to tumors and normal 
tissues in C3H/Km mice was examined after intraperi- 
toneal injection of H-3 labeled drug (5 or 20 ^mol/kg). 
Mice were sacrificed 4 hr after injection. Drug adminis- 
tration, tissue processing for liquid scintillation counting, 
and data analysis were as described in Rasey et al 
(24, 25). 

Imaging studies with [F- 18] fluoromisonidazole 

Dogs with spontaneous osteosarcomas were referred for 
imaging, with the owner's written consent.** Preimaging 
diagnostic tests included, whenever possible, a Tc-99m 
bone scan and a CT scan, with and without contrast, to 
verify tumor location, size, and presumptive necrosis. 
Tumors were imaged conti^iuously with a time of flight 
positron emission tomographft for up to 5 hr after i.v. 
injection of 5-10 miUiCuries of [F-18] FMISO. The im- 
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aging system includes two computerstt for data acqui- 
sition and analysis and a computer§§ for system control 
and data analysis. The limiting reconstruction resolution 
was 5 mm and the slice thickness 1 1 .5 mm. Reconstructed 
time-of-flight images were analyzed with software*** 
which allowed definition of regions of interest over tumor 
and normal tissue ^rid extraction of counts/pixel in the 
images. After appropriate decay and tomograph efficiency 
corrections and comparison between gamma well count- 
ing and imaging of a bottle of F-18 solution included in 
the image plane, it was possible to calculate cpm/g of 
imaged tissue from the images and compare this to plasma 
samples. Arterial or venous blood samples were taken at 
precisely timed intervals during imaging and plasma 
samples were counted in a gamma well counterftt to 
determine a plasma time-activity curve. 
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RESULTS 

The time course of [H-3] FMISO uptake by V-79 and 
RIF-1 cells in monolayer culture is shown in Figure la 
and b, with results expressed as picomoles drug/ 10^ cells. 
For both cell types there was no uptake over time for cells 
incubated in 95% air/5% CO2- In some experiments, [H- 
3] FMISO binding after 3 hr in contact with varying O2 
levels was examined in a single cell type. The results from 
such a study with EMT-6(UW) cells are shown in Figure 
2a. An O2 concentration of about 1000 ppm in the gas 
phase inhibits binding by -50% relative to that obtained 
in anoxia. Similar results were obtained for RIF-1 and V- 
79 cells (data not shown). The oxygen dependency of 
binding in the dog osteosarcoma line, UW CaOs-1, is 
shown in Figure 2b. The 50% inhibitory level also appears 
to lie between 1000 and 2000 ppm for this tumor type. 
In these self-contained experiments, five different gas 
mixtures were examined with each cell line. Under these 
conditions the anoxic: oxic binding ratios were: RIF-1, 
27.2 ± 5.2; EMT-6(UW), 12.6 ± 2.2; V-79. 27.6 ±7.1; 
and CaOs- 1 , 2 1 .0 ± 3.4. The values are mean ± SEM for 
replicate dishes in two separate experiments with each 
cell type. 

The results of the biodistribution studies of [H-3] 
FMISO in tumor-bearing mice are shown in Table 1 for 
animals sacrificed 4 hr after receiving a single intraperi- 
toneal dose of 5 or 20 /imol/kg. For tumors with sizes 
ranging from 50-200 mm\ the tumor to blood ratios were 
lowest for the RIF-1 tumor (1.69 to 1.86), which has the 
lowest estimated hypoxic fraction of the three transplanted 
mouse neoplasms (19). The values for the C3HBA mam- 
mary adenocarcinoma (4.66, 3.96) were higher than for 
the KHT sarcoma (2.29-2.86), although both tumors are 
reported to have similar sized fractions of chronically 
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Fig 1. Uptake of 50 [H-3] fluoromisonidazole as a function 
of time under different oxygen levels. Each point is the mean 
± SEM for replicate dishes at each time, (a) V-79 cells; (b) RIF- 
1 cells. 



hypoxic cells in this size range (Table 1 ) ( 1 9). Larger KHT 
tumors, 400-600 mm^ take up proportionately more 
[H-3] FMISO; tumorblood ratios of 5.8 and 8.3 were 
measured 4 hr after an i.p. dose of 5 A^mol/kg FMISO. 

Uptake in tumors relative to other normal tissues is 
shown in Table 2 for mice bearing small KHT tumors 
and receiving the lowest dose, 5 ^mol/kg. By 4 hr most 
nonmalignant tissues have nearly equilibrated with blood 
levels, except kidney and liver, which retain higher levels 
of parent drug or metabolites (approximately 7 to 9-fold 
those in blood); retention is also high in gut. 

The encouraging results with [H-3] FMISO in cells in 
vitro and in transplanted rodent tumors led to imaging 
studies in spontaneous dog tumors. Six dogs with osteo- 
sarcomas were imaged continuously for 4 to 5 hr after 
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Fig. 2. Oxygen dependency of the uptake of 50 fiM fH-3] FMISO 
in cells incubated for 3 hr with labeled drug. The data are com- 
bined values from two replicate experiments. Each point is the 
mean ± SEM for six replicate dishes at that O2 level. The break 
m the curve below 1000 ppm indicate that the shape of the curve 
m this region is not known, (a) EMT-6 (UW) mouse sarcoma 
cells; (b) CaOs-1 (UW) dog osteosarcoma cells. 



injection of [F-i8] FMISO. For three dogs in which arterial 
lines were established, arterial plasma time activity curves 
were obtained (Fig. 3). Plasma values peaked within 2-3 
min after beginning the 2 min infusion with a distribution 
J 1/2 of 7.4 ± 0.6 min. This distribution value may be 
influenced by the FMISO not being injected as a bolus. 
The T,/2 for clearance has been calculated as 275 ± 50 



min and the volume of distribution as 0.5^ :^0.21 L/kg, 
equivalent to total body water (17). 

All tumors contained some areas that intensely con- 
centrated FMISO by 4 hr after injection. However, uptake 
of this labeled nitroimidazole showed marked heteroge- 
neity over different regions of the tumors (Fig. 4). For 
each tumor, five to six regions of interest were defined to 
include the most FMISO-avid regions as well as regions 
with the least uptake. Normal tissue regions were also 
sampled. The uptake of F-18 was calculated as cpm/g, as 
described in Methods and Materials, allowing the creation 
of comparable plasma and tissue time-activity curves 
which are shourn for one dog with a forehmb osteosarcoma 
in Figure 5. Highest tissue uptake occurred immediately 
after injection for both tumor and normal tissue (Fig. 5). 
The level of activity retained in most tumor regions 3 or 
4 hr post injection exceeded that in normal tissue or 
plasma. Within one tumor, uptake between the different 
regions varied by a factor of 4 at 3.7 hr post injection. 
The tumorrplasma ratios in three different tumors at 3 to 
4.67 hr post injection ranged from 0.3 to 2.0 (Table 3). 

DISCUSSION 

The uptake of [H-3] FMISO by various tumor and V- 
79 cells in vitro is generally consistent with reports of ox- 
ygen-dependent binding of [C-I4] or [H-3] labeled mi- 
sonidazole. Franko et ai (8) reported that 1000 ppm ox- 
ygen inhibited misonidazole binding by 50% relative to 
anoxia in EMT-6(Ed) monolayer ceOs in vitro incubated 
in medium containing 50 radiolabeled drug. Those 
authors also reported an anoxicioxic binding ratio of ap- 
proximately 15 for misonidazole in EMT-6(Ed) cells. This 
value may be compared with our anoxic:oxic ratio of 1 2,6 
for EMT-6(UW) cells, a variant of the same mouse sar- 
coma system. Several other tumor types included in that 
same study showed misonidazole binding to be inhibited 
by similar or slightly higher O2 levels. Investigations of 
misonidazole retention by V-79 cells showed that uptake 



Table 1. H-3 fluoromiso biodistribution in mouse tumors: Animals sacrificed 4 hr after single mjections 



Expt no. 


Tumor 


JW894 


C3HBA 


JW904 


C3HBA 


JWIOIO 


KHT 


JW867 


KHT 


JWlOlO 


KHT 


JW867 


KHT 


JW-I032 


KHT 


JW-1033 


KHT 


JW1009 


RIF-1 


JWI009 


RIF-1 


JW992 


RIF-1 





Tumonblood 


Tumor volumes, 


Dmg dose 


ratios 


mm^* 


5 umol/kg 


4.66 


101 ± 13 


5 umol/kg 


3.96 


137 ± 36 


5 umol/kg 


2.41 


175 ± 16 


5 umol/kg 


2.29 


110± 25 


20 umol/kg 


2.76 


159 ± 39 


20 umol/kg 


2.86 


123 ± 37 


5 umol/kg 


5.58 


580 ± 26 


5 umol/kg 


8.34 


574 ± 66 


5 umol/kg 


1.69 


158 ±23 


20 umol/kg 


1.76 


159 ± 15 


20 umol/kg 


1.86 


136 ± 37 



Estimated 
hypoxic fractions! 



3-12% 
7-12% 

>30% 
— 1.5% 



* Tumor volumes are mean ± standard deviation for 5 tumoi^/group. 
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Table 2. Biodistribution of H-3 fluoromisonidazole C3H/Km 



mice with KHT tumors (88- 


198 mm-*'^* 

1 y \j 111111 f 




% ID/gramt 


Tissue/blood ratio 


Tissue 


(mean ± SEM) 


(mean ± SEM) 


KHT tumor 


0.80 ±0.13 


2.47 ± 0.30 


Liver 


2.75 ± 0.40 


8.70 ± 1.35 


Kidney 


2.64 ± 0.80 


7.34 ± 1.31 


Gut 


2.50 ± 1.10 


7.48 ± 3,67 


Lung 


0.40 ±0-11 


1.14 ±0.31 


Heart 


0.46 ± 0.45 


1.53 ±0.16 


Muscle 


0.29 ± 0.03 


0.95 ±0.10 


Brain 


0.38 ±0.10 


1.05 ±0.11 


Blood 


0.34 ± 0.05 


LOO 



* Mice received i.p. injections of five umol/Kg 4 hr before 
sacrifice. Data are pooled from two experiments, 5 mice/group 
in each study. 

t %ID/g is % injected dose/gram and is calculated as: (dpm/ 
g of tissue/dpm injected) X 100. For a 25 gram mouse a %ID/ 
g of 4% would be equivalent to uniform distribution of a radi- 
otracer with no excretion. 



in that cell type was even more easily inhibited by O2 than 
was the case with EMT-6(Ed) cells (7). Those results are 
not consistent with our findings with [H-3] FMISO bind- 
ing in V-79 cells, in which the 50% inhibitory level is 
about 1000 ppm. Different sublines of V-79 cells were 
used in the two laboratories and this may explain the 
difference. Alternately, FMISO may be metabolized 
slightly differently than MISO in some cell lines. The 
spontaneous dog osteosarcoma CaOs-l binds substantial 
amounts of FMISO at somewhat higher O2 levels than 
do the rodent cells (Fig. 2b). This is consistent with some 
human tumors labeled with [C-14] MISO, in which 50% 
binding inhibition occurred at oxygen levels of 2,000 to 
10,000 ppm (8). Taken together, our in vitro studies of 
[H-3] FMISO suggest that 50% binding inhibition occurs 
over a range of oxygen levels, bracketing that for radio- 
biological hypoxia, as has been reported for misonidazole 
(8, 15). This radiopharmaceutical should be useful as a 
probe for radioresistent hypoxic cells in human neo- 
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Fig. 3. Arterial plasma time activity curves for three dogs injected 
intravenously with tracer levels of [F-18] fluoromisonidazole. 
I^ta are normalized to % mean body concentration, calculated 
^: [cpm/gram plasma]/cpm injected X body weight, grams 
^ 100. A % mean body concentration of 100% would be equiv- 
alent to uniform distribution with no excretion. 



Fig. 4. Positron emission tomograph image of a canine skull 
osteosarcoma acquired from 60 to 105 min after injection of 
[F-181 fluoromisonidazole- The image was reconstructed with 
an 8 mm filter. The outline identifies the tumor and normal 
tissue structures identified from CT scan and from autopsy after 
the terminally ill animal received a lethal intravenous injection 
ofKCl. 
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Fig. 5. Tumor and normal tissue time-activity curves extracted 
from images of a canine forelimb osteosarcoma and adjacent 
normal muscle. The methods of data extraction and analysis 
are described in Methods and Materials, (a) Plasma and tumor, 
(b) Plasma and muscle adjacent to tumor. 
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Table 3. Tumor and plasma levels 
of F-18 fluoromisonidazole 



Dog 


Time 
post inject. 


Plasma, 
cpm/g 
(XIO^) 


Tumor, cpm/g 
(XIO^)* 


Tumor, 
max/min 


1C2 


4.67 hr 


1.146 


1.155 ± .3608 
(1.178 to 2.269) 


1.93 


2M 


3.08 hr 


0.302 


0.478 ±0.091 
(0.360 to 0.610) 


1.69 


3G 


3.67 hr 


0.586 


0.452 ± 0.169 
(0.164 to 0.655) 


4.00 



* Values for tumor are the mean ± standard deviation for 
five or six regions of interest from each tumor. The ranges of 
values are in parentheses. 



plasms, if it is evaluated carefully in different tumor types 
and under different conditions. 

The results v^ith the biodistribution studies in mouse 
tumors are supportive of quantitation of tumor hypoxia 
by imaging the retention of radiolabeled FMISO (Table 
1). Small RIF-1 tumors (50^200 mm^) had lower tumor: 
plasma ratios and a smaller proportion of chronically 
hypoxic cells than either the KHT sarcoma or C3HBA 
mammary adenocarcinoma (19). In addition, large KHT 
tumors (400-600 mm^) retained proportionately more 
FMISO than did smaller tumors in animals receiving 5 
Atmol/kg FMISO. The fraction of hypoxic cells in KHT 
sarcomas increases with tumor growth (18). However, 
small C3HBA and KHT tumors demonstrated different 
tumonplasma ratios at 4 hr, even though the estimated 
hypoxic fractions are comparable. Reports by others also 
indicate that fraction of chronically hypoxic tumor cells 
and nitroimidazole retention do not follow a simple or 
easily interpreted relationship. Hirst et ai (13) measured 
retention of [C-14] misonidazole in RIF-1 and EMT-6(St) 
tumors and varied the hypoxic fraction in tumors by 
making mice anemic or transfusing them to raise the he- 
matocrit. The amount of C-14 label retained 24 hr after 
misonidazole injection varied less than the tumor cell 
fraction surviving irradiation. 

A limitation of our studies with mice and those reported 
in the literature is the lack of blood flow information. 
Flow dominates the tissue input function and the washout 
of the radiopharmaceutical, although FMISO is very li- 
pophilic and can travel across cell membranes by diffu- 
sion. It was not possible, in biodistributions done at one 
point after drug administration, to estimate drug in non- 
bound forms equilibrated with plasma. Flow also will vary 
between tumor regions, leading to heterogeneity in oxy- 
genation and a consequent variation in amount of mi- 
sonidazole or FMISO retained per unit volume of tumor. 
In the reported biodistributions, whole or halves of tumors 
were counted for retention of radiolabel, and so regional 
variation in oxygen level and nitroimidazole retention 
could not be accounted for or measured. The relationship 
between FMISO binding and hypoxic function also would 



be more meaningful if individual hypoxic fractions had 
been determined for each tumor. Hypoxic fractions can 
vary even in tumors of the same size (19). 

Dynamic, regional information about blood flow and 
FMISO uptake and washout can be obtained with PET, 
as exemplified by the tissue time-activity curves obtained 
in the dog tumor imaging studies (Fig. 5). Appropriate 
modeling of these data can be coupled with data on oxygen 
dependency of FMISO binding obtained from cell binding 
studies in vitro. This should allow measurement of an 
FMISO accumulation rate constant attributable to a spe- 
cific level of oxygenation. Furthermore, FMISO has an 
octanol: water partition co-efficient of 0.41, high enough 
to make it easily distributed across capillary membranes. 
Thus, the initial phase of its uptake after a bolus injection 
may infer blood flow through the modeling used for freely 
diffusible tracers such as water. 

Dog osteosarcomas were chosen for initial PET imaging 
studies with [F-18] FMISO because they may have hyp- 
oxic cells. These tumors are resistant to radiation treat- 
ment, both conventional external beam therapy (28) and 
treatment with the bone-seeking beta emitter samarium- 
153 (Anthony Shields, oral communication Sept. 1988). 
dT examination of osteosarcomas in our studies revealed 
reduced contrast in some tumor regions, consistent with 
necrosis. The uptake of FMISO in tumor images shows 
marked heterogeneity, seen both by visual inspection of 
the images (Fig. 4) and the range of tumor uptakes cal- 
culated from images (Table 3). Regional variation has 
been seen in autoradiographs of human melanomas la- 
beled with [H-3] misonidazole (31) and the EMT-6(Ed) 
mouse sarcoma labeled with [C-14] misonidazole (4). 
However, autoradiography does not allow the quantitation 
of regional heterogeneity possible with image analysis. The 
variable uptake of [F-18] FMISO in the spontaneous dog 
tumors also is compatible with observations of macro- 
and microhetergeneity of many biochemical and physi- 
ological properties in tumors (29). 

The utility of [F-18] FMISO imaging ultimately will be 
tested in human tumors by comparison to direct oxygen 
measurements with electrodes and by correlation with 
outcome of radiotherapy under a variety of conditions, 
either altering tumor oxygenation or using treatments di- 
rected towards hypoxic cells, such as hypoxic sensitizers 
or high LET radiation. Correlative studies in which dog 
osteosarcomas are treated v^th radioactive samarium-1 53 
also will allow validation of FMISO as a predictor of re- 
sponse to radiotherapy in an animal model. 

In conclusion, the oxygen-dependent binding of labeled 
fluoromisonidazole has been demonstrated in vitro. The 
studies with [H-3] FMISO in mouse tumors and myo- 
cardial infarcts in dogs suggest that labeled FMISO will 
be a useful hypoxia probe. Imaging tumors and adjacent! 
normal tissues with [F-18] FMISO has been demonstrated, 
and it is possible to extract quantitative data from these;: 
images. Plasma drug levels also can be measured an 
nonspecific retention of plasma-equilibrated drug can 
subtracted. Thus, varying amounts of. uptake abovi 
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fplasma levels can be quantified in different tumor regions. 
The O2 level associated with partial or complete inhibition 
of FMISO binding can be measured in vitro. If one can 
confirm that these in vitro studies are representative of 



the tumor in situ, imaging data can be modeled to cal- 
culate a proportion of tumor cells at or below a specified 
oxygen level. This quantification of hypoxia should be a 
useful predictor in radiotherapy. 
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Rasey, J. S., Nelson, N. J., Chin, L., Evans, M. L., and 
Grunbaum, Z. Characteristics of the Binding of Labeled Fluo- 
romisonidazole in Cells in Vitro, Radiat. Res. 122, 301- 
308(1990). 

Radiolabeled fluoromisonidazole (FMISO) is being investi- 
gated as an imaging agent for hypoxia in tumors and nonmalig- 
nant tissues in myocardial infarct or stroke. In this study in vitro 
cell cultures were used to characterize the oxygen dependency 
of FMISO uptake and to examine other modifying factors. The 
uptake of (^HjFMISO was measured in four cell lines in vitro: 
V-79, EMT-6(UW), RIF-I, and CaOs-1 . The modifying effects 
of different O2 levels as well as cell growth state and concentra- 
tion of glucose and nonprotein sulfhydryls were examined. In 
these cell types an O2 level between 720 and 2300 ppm inhibited 
FMISO binding by 50%, relative to binding under anoxic condi- 
tions. These values bracket the O2 level which confers full radio- 
biologic hypoxia, about 1000 ppm. Some bound label was re- 
leased from cells in the first 1 to 3 h after a 3-h anoxic labeling 
with pHJFMISO, but this does not represent tritium loss from 
the parent molecule. Cells from unfed plateau-phase cultures 
took up less pHlFMISO than did exponentially growing cells 
incubated at comparable O2 levels. Reducing glucose to l/IO or 
1/100 of the usual concentration in medium had little effect on 
binding of micromolar levels of FMISO, except in V-79 cells, 
where reduced glucose levels were associated with increased 
FMISO accumulation. Adding cysteamine to the culture me- 
dium moderately increased FMISO uptake. We conclude that 
cell growth state, glucose, and nonprotein sulfhydryl concentra- 
tions affect FMISO binding, albeit less than varying O2 levels: 
anoxic/oxic binding ratios vary from 1 2.6 to 28 for the four cell 
types examined. Nonetheless these factors must be considered 
in evaluating the oxygen-dependent binding of this nitroimidaz- 

Ole in tumors or tissues. © 1990 Academic Press, Inc. 



INTRODUCTION 

The oxygen-dependent covalent binding of the nitroim- 
idazole misonidazole (i-(2-nitroimidazolyl)-2-hydroxy-3- 
methoxypropane, MISO) in cells, muUiceUular spheroids, 
and tumors (7-5) has stimulated interest in using this drug 
or a congener as an imaging agent for hypoxia in malignant 
tumors, myocardial infarct, or cerebral ischemia (9-7 J). 



Unlike misonidazole, the fluorinated congener fluoromi- 
sonidazole ( 1 -(2-nitroimidazolyl)-2-hydroxy-3-fluoropro- 
pane, FMISO) can be labeled with a positron-emitting iso- 
tope, ^*F, which has a long enough half-Ufe for measuring 
this radiopharmaceutical quantitatively with positron emis- 
sion tomography. Previous studies from this laboratory 
have reported hypoxia-dependent binding of [^H]FMISO. 
Radiolabeled FMISO locahzes in solid animal tumors con- 
taining hypoxic cells {14, 75) and in anoxic cells in vitro 
(16), The [*^F]FMISO can be detected and quantified in 
spontaneous dog tumors using positron emission tomogra- 
phy (76). However, interpreting FMISO images requires de- 
fining O2 dependency of binding in several cell types and 
investigating factors in addition to O2 which may influence 
uptake and retention of this tracer. Appropriate in vitro 
studies can provide necessary information and are reported 
here. 

MATERIALS AND METHODS 



Radiolabeled Drugs 

The [^HjFMISQ was synthesized in our laboratory as reported pre- 
viously {J 4), using a modification of the tritium radiolabeling method for 
MISO (7 7). After synthesis and purification, quality control was assayed 
by high-pressure liquid chromatography (HPLC), using a dg column 
eluted with a 10-80% acetonitrile/water gradient or by thin-layer chroma- 
tography (TLC) using C,8 F254 plates developed in methanol/0.5 MNad 
and viewed under uv light A low specific activity preparation of 22 mCi/ 
mg (4.68 mCi/mmol) was used in these experiments. The [^HJFMISO was 
stored at 4°C and dissolved in ethanol to prevent radiolysis. Absorbance at 
325 nm was used to determine the concentration of drug in our preparation 
by comparison to a standard curve. The ['^F]FMISO (670 Ci/mmol) was 
also synthesized in our laboratory as described by Grierson et al. {18), 

Cell Culture Systems 

Four cell lines were used to examine uptake and retention of [^H]- or 
['^FIFMISO. Cells were used while growing exponentially or were allowed 
to reach an unfed plateau phase of growth and were treated for 3 h under 
anoxia (gas mixture of 95% N2-5%C02, certified to be no greater than 10 
ppm O2) or various low oxygen levels to allow incorporation of radiola- 
beled FMISO. In some experiments cells were labeled under anoxic condi- 
tions, rinsed, and then reincubated in drug-free medium for 1 to 6 h under 
oxic or anoxic conditions to study retention of label. 

Chinese hamster lung fibroblasts (V-79-171B) were obtained from Dr. 
Peggy Olive, British Columbia Cancer Control Agency, and maintained in 
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Eagle's MEM (Sigma, St, Louis, MO) supplemented with 10% fetal bovine 
serum (FBS, Flow Laboratories, McLean, VA). A spontaneous dog osteo- 
sarcoma (CaOs- 1 ) was established in culture in our laboratory and is grown 
in BioRich medium (Flow Laboratories) with 1 0% FBS. Two mouse tumor 
lines having the capability to grow both in vitro and in vivo were also used 
in these investigations; EMT-6(UW), a sarcoma of BALB/c mice, and RIF- 
1, a sarcoma of C3H/Km mice. Both cell lines grow in Waymouth's 
MB752/1 medium with 1 5% FBS and were originally obtained from Rob- 
ert Kallman, Stanford University. All media contain penicillin/streptomy- 
cin and for hypoxia experiments, all contain 25 xnM Hepes buffer. 

To prepare tissue culture cells for anoxic or hypoxic incubation a spot 
technique developed by Koch {4) was used. Glass petri dishes (60 mm 
diameter, with notched edges to allow free exchange of gases) were filled 
with 3 ml of medium and, using a pipettor, 0.2 ml of medium containing 
the desired number of cells was carefully spotted in the center of the dish 
producing a disc of cells about 2.5 cm in diameter. The dishes were allowed 
to sit undisturbed for 2 h to allow cells to attach, before transfer to the 
incubator. When experiments involved exponentially growing cells, cul- 
tures were begun with 10^ cells and used after 2 days' growth. Fresh me- 
dium was used to introduce the labeled drug. When experiments involved 
plateau-phase cells, cultiu-es were begun with 2X10^ cells and were allowed 
to grow for 3 days. Etepleted medium was used for uptake of ['HJFMISO 
and was prepared by filtration of medium from 6-day-oId cultures of the 
same cell type, using a sterile fiberglass filter to remove cells. 

To determine uptake of labeled FMISO under various conditions, cul- 
ture dishes were removed from the incubator, growth medium was aspi- 
rated, and 1 ml of medium, typically containing 9.45 fi$/m\ (50 fiM) [^H]- 
FMISO (or a combination of pH] and ['^F]FMlSO), was used to rinse the 
culture medium from the monolayer disc of cells centered in the dish. This 
medium was aspirated and replaced with I ml of fresh labeled medium for 
incubation under the designated gas mixture. The cell monolayers then 
were subjected to multiple gas exchanges with the desired oxygen level un- 
der reduced pressure in aluminum chambers connected to a manifold and 
monitored with a vacuum gauge. This allowed rapid diffusion of O2 from 
the cells and medium and equilibration with the desired O2 level. Incuba- 
tion under slightly reduced pressure for varying time allowed determina- 
tion of uptake of radiolabeled drug into cells. 

Uptake of the radiolabeled drug was accomplished by incubation for 3 
h at 37*'C after complete exchange of gas to 95% N2-5% CO2 (certified to 
be no greater than 10 ppm O2) or an oxygen level ranging from 900 to 2500 
ppm, with the balance N2 plus 5% CO2, or 95% air plus 5% CO2 (2 10,000 
ppm O2). Each aluminum cannister incubated under anoxia included an 
open dish of sodium dithionite prepared just before closing the chambers 
to scavenge oxygen molecules. A drop of 0. 1 mM methylene blue was 
added to the dithionite when the chamber was opened to assure the anoxia 
of the system. If the dithionite is still capable of reduction, the blue disap- 
pears. 

Sizes of exponentially growing and unfed plateau-phase cells were com- 
pared to allow FMISO uptake data to be corrected for cell size differences. 
Cell diameters were measured from projection slides of photomicrographs 
of trypsinized exponentially grov^ing and plateau-phase cells, suspended in 
medium on a slide. All photographs were taken at the same magnification 
and volumes were calculated using the formula for a sphere: V = f-n-r^ 

In some experiments, cells were harvested at the end of the labeling pe- 
riod. In other experiments, retention of label was studied. Radiolabeled 
medium was removed from the cultures, which were rinsed twice and rein- 
cubated with drug-free medium. In some experiments, in which the re- 
placement medium was sampled for analytic chemistry, it also was serum- 
free. The cultures were again placed in the aluminum chambers, gases were 
exchanged, and dishes were reincu bated under either oxic or anoxic condi- 
tions for 1 to 6 h. 

Cells were harvested by trypsinization, and a proportion of the total sam- 
ple was counted in a Packard Model 3380 liquid scintillation spectropho- 



tometer in 10 ml of Instagel XF (United Technologies, Packard, Downer's 
Grove, IL). Uptake of the [^HJFMISO was calculated as dpm/10^ cells and 
converted to pmol FMISO/10^ cells. The activity of [*^F|I^ISO was mea- 
sured by counting a proportion of the total cell pellet in the MINAXI g 
auto gamma counter (United Technologies, Packard). Uptake of the ['*F]- 
FMISO was calculated as cpm/ 1 0^ cells. 

Cysteamine hydrochloride (2-mercaptoethylamine, Sigma, M65(X)) was 
dissolved directly in medium before appHcation. Glucose-free Dulbecco's 
and glucose-free Waymouth*s media (Sigma) were used in the glucose 
modulation experiments. Waymouth's medium, the medium used for 
RIF- 1 and EMT-6 cells, normally contains 25 mM (4.5 g/Iiter) glucose and 
was used at this and lower glucose concentrations for studies with these 
two cell lines. The normal glucose concentration for BioRich medium as 
used for CaOs- 1 cells is 1 7.5 mM (3. 1 5 g/liter) glucose. The V-79 cells are 
normally grown in MEM containing 5.6 mM ( 1 g/liter) glucose. These two 
cell lines were grown in DuIbecco*s medium, in which they also grow well. 
Medium of origin was not used because it was not routinely available with- 
out glucose. Dry glucose was added to these special media to reach desired 
concentrations (1. Ox, 0.1 X, and 0.0 IX the normal glucose level for each 
cell line). It was determined that the variation in sugar concentration would 
not significantly alter the osmotic balance of these preparations. 

Analytic Chemistry in Drug Release Experiments 

To determine if FMISO radioactivity was protein bound, protein was 
precipitated from 400 ^\ medium after 3 h incubation of cells with [^H]- 
FMISO, using 1 200 fi\ acetonitrile:MeOH ( 1 :3). The mixture was then cen- 
trifuged 3 min at 14,(X)0 rpm. The supemate was drawn off and counted. 
The pellet was washed twice with 1 ml ethanol, dried, solubilized, bleached, 
and counted in Instagel (Packard) scintillation fluid in the liquid scintilla- 
tion counter. The proportion of radioactivity in pellet and supernatant was 
calculated from total counts. 

To determine if label lost from cells during reincubation involved loss 
of the tritium atom from FMISO or metabolites, four samples (4(X) mI each) 
were taken from the medium overlying cells in the reincubation experi- 
ments described above. Three samples were allowed to evaporate to dry- 
ness, then reconstituted with 400 fA water. Radioactivity of the original 
and reconstituted samples was compared. 

To determine the molecular form of radiolabel released from cells, nor- 
mal and reverse-phase TLC was done on samples of deproteinized, [^HJ- 
FMISO-containing medium at the end of a typical 3-h anoxic incubation 
and on samples of serum-free medium used in the reincubation studies 
described above. Normal-phase TLC used 5 X 20-cm aluminum-backed 
silica gel 6OF254 plates (EM Science 5534) in a solvent system of chloro- 
form:methanoI (93:7). The lanes were cut into 1 X 2.5-cm sections and 
counted in the liquid scintillation counter. An unlabeled FMISO standard 
was run on each plate and visualized with uv light. Reverse-phase TLC 
employed 5 X 20-cm KC,8 plates (Whatman 480 1 -600) in a 0.5 M NaQ: 
methanol (1.3:1) solvent system. FMISO standards were included on each 
plate and sections (1 X 2.5 cm) were cut and counted as described above 
for normal-phase TLC. 

RESULTS 

The effect of oxygen level on the binding of FMISO is 
similar in the four cell lines examined. Increased oxygen 
levels inhibit binding in every cell line, with RIF-1 appear- 
ing to be the most sensitive. The oxygen level which inhibits 
FMISO binding by 50% relative to the anoxic binding level 
was calculated using a linear regression between the two ap- 
propriate adjacent data points and expressed to two signifi- 
cant figures. The 50% inhibitory level ranged from 720 to 
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TABLE I 

Inhibition of pH]FMISO Binding in in Vitro Exponentially 
Growing Cells 





Oxygen level producing 50% 


Cell line 


inhibition (ppm) relative to anoxia 


RIF-1 


720 


V-79 


1400 


EMT-6 


1500 


CaOs-1 


2300 



Note. Data obtained from w = 6 plates per data point; data from EMT- 
6 and CaOs- 1 have been published previously (16). 



2300 ppm for four cell lines (Table I). Similar data for EMT- 
6(UW) and CaOs-1 cells have been published previously (76). 

The effect of oxygen level on the binding of FMISO was 
also examined in nutrient-deprived plateau-phase cells. Be- 
cause of size differences between log and plateau-phase cells 
these results are corrected for cell size with all data normal- 
ized to cell volume. The volume ratio of plateau to expo- 
nentially growing cells used to correct the data was 0.84 for 
RIF-1, 0.94 for EMT-6, 0.89 for V-79, and 1.14 for CaOs- 
1. Plateau-phase cells did not take up as much FMISO as 
log-phase cells under anoxic conditions, with the exception 
of V-79 cells (Figs. 1 a- 1 d). However, FMISO uptake by pla- 
teau-phase cells shows an inhibition by oxygen similar to 
that for exponentially growing cells. 

To examine retention of bound FMISO, cells were la- 
beled with 50 fiM [^H]FMISO for 3 h and then rinsed twice 
and reincubated in drug-free medium for various times up 
to 6 h in contact with 5% C02-95% air or under anoxic 
conditions (95% N2-5% CO2). Varying amounts of radioac- 
tivity were gradually released from the ceUs during reiricu- 
bation. A typical pattern of release is shown for CaOs-1 cells 
(Fig. 2). More activity was released from each of the four cell 
types when reincubated under oxic conditions than when 
reincubated in the absence of oxygen (Table II). At the end 
of 1 h, cells reincubated with 95% N2-5% CO2 retained 69- 
88% of the label incorporated during the 3-h anoxic labeling 
period. After 3 h in anoxia, these values ranged from 57 to 
73% of the label initially incorporated. Comparable values 
for oxic reincubation were 41 to 55% of initially incorpo- 
rated label retained at 3 h. 

In one FMISO retention experiment, V-79 cells were in- 
cubated for 3 h under anoxic conditions in medium con- 
taining both [^H]FMISO and [^^FIFMISO to determine if 
the two labels were lost at the same rate during the reincuba- 
tion phase of the experiment. If the two labels tracked each 
other, it would suggest that the [-^H] label was not being lost 
from the parent molecule and appearing as tritiated water. 
Both labels were later released at the same rate. There was 
no significant difference in the relative amounts of vs *^F 
retained after 1 or 3 h (Fig. 3). 



Protein was precipitated from the medium after a 3-h in- 
cubation of cells with [^HjFMISO. Supernatant and protein 
pellets were counted in the liquid scintillation counter. The 
supernatant contained 98% of the radioactivity and the pel- 
let 1% of the counts. This indicated that radioactivity was 
not bound to protein in the medium. 

V-79 cells labeled with [^H]FMISO (50 fiMfor 3 h in con- 
tact with 95% N2-5?o CO2) were rinsed and reincubated in 
drug-free, serum-free medium under anoxic or oxic condi- 
tions for 1 or 3 h. Samples of the reincubation medium were 
evaporated, reconstituted, and counted for radioactivity as 
described under Materials and Methods. Radioactivity in 
the reconstituted medium was essentially identical to that 
in medium aliqiiots counted directly after removal from the 
cells (Fig. 4). Since activity was not lost during evaporation, 
this suggested that the label was not released from the cells 
as[^H]H20. 

Medium from the four postlabeling reincubation condi- 
tions (1 and 3 h under normoxic or anoxic conditions) also 
was subjected to TLC to provide further information about 
the form of released radioactivity. The normal-phase TLC 
results were essentially the same for each of the four reincu- 
bation conditions. There was a peak at the origin, corre- 
sponding to polar metabolites, constituting roughly 75% of 
the total counts. A second peak, which corresponded to the 
unlabeled FMISO standard run on each plate, constituted 
approximately 25% of the counts (Table III). However, 
these medium analysis experiments provide no information 
about the form of the radioactivity retained in the cells. The 
FMISO in the medium may represent incomplete rinsing at 
the end of the labeling period, or it may represent parent 
drug released from the cells. These results also support pre- 
viously described evidence that [^H] label was not being lost 
as [^H]H20. With reverse-phase TLC, [^H]H20 would 
move with the solvent front and ionic molecules not far be- 
hind. There were essentially no counts at the solvent front, 
which is consistent with the evaporation/reconstitution 
findings of no counts associated with water. 

The effect of reduced glucose level on the uptake of [^H]- 
FMISO under anoxic conditions was also examined. When 
CaOs-1 cells were incubated under anoxic conditions, a re- 
duced glucose concentration of 1.75 or 0.175 mM in the 
medium had no significant effect on the amount of [^H]- 
FMISO taken up during the 3-hr incubation period relative 
to that accumulated in presence of 17.5 mM glucose, the 
normal level of glucose in Biorich medium. Results for 
EMT-6 and RIF-1 cells were similar. The V-79 cells bound 
significantly more FMISO when glucose concentrations 
were reduced. Table IV lists the percentage uptake of 
FMISO relative to normal glucose levels in all cell lines ex- 
amined. 

The effect of nonprotein sulfhydryl concentration on 
FMISO binding was examined by addition of three levels of 
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Oxygen (ppm) Oxygen (ppm) 




Oxygen (ppm) Oxygen (ppm) 

FIG. 1 . Oxygen-dependent binding of [^H]FMISO in four exponentially growing (□) and plateau-phase (•) cell cultures. Because of size differences 
between growth phases, binding is expressed relative to ceil volume. Results are expressed as mean ± SEM for = 6 plates per data point 



cysteamine to the incubation medium. Increasing levels of 
cysteamine resulted in significantly increased uptake of 
FMISO in V-79, RIF-1, and EMT-6 cell lines. Table V lists 




Post-Labeling Incubation (h) 

FIG. 2. Retention of label in CaOs-I cells following a 3-h anoxic 
incubation with [^HJFMISO. Postlabeling incubation conditions were ei- 
ther anoxic (dark hatched) or oxic (light hatched). Results are expressed as 
mean ± SEM for w = 6 plates per data point. 



the results for all cell lines examined. Results are expressed 
as percentage change in uptake relative to lowest concentra- 
tion (0.2 mM\ 

DISCUSSION 

The uptake of [^HJFMISO by tumor and V-79 cells in 
vitro is generally consistent with reports of oxygen-depen- 
dent binding of '^C- or ^H-labeled MISO. Franko et al (8) 
reported that 1000 ppm oxygen inhibited MISO binding by 
50% relative to anoxia in EMT-6(Ed) monolayer cells in vi- 
tro incubated in medium containing 50 radiolabeled 
drug. Those authors also reported an anoxic:oxic binding 
ratio of approximately 1 5 for MISO in EMT-6(Ed) cells. 
These values may be compared to our measurement of a 
50% inhibitory level of 1500 ppm for binding of 50 fiM 
FMISO and an anoxic:oxic ratio of 12.6 for EMT-6(UW) 



FMISO BINDING IN CELLS 



305 



TABLE II 

Retention of [^H]FMISO in Cells in Vitro 



Cell line 

^Po^tialvlinp 

incubation 
condition) 


Drug level at end 

period 
(pmoI/lO^ ceils)" 


Percentage retention at different 
times from end of labeling 
period* 


1 h 


3h 


6h 


CaOs-1 
(Anoxic) 
(Oxic) 


114,0 ±28.6 


88,0% 
84.2 


72.6% 
48.4* 


52.9% 
42.4* 


EMT-6 
(Anoxic) 
(Oxic) 


109.4 ± 15.6 


81.9 
108.0 


56.7* 
55.0* 


31.2** 
19.3** 


V-79 
(Anoxic) 
(Oxic) 


215.0 ± 14.2 


76.1* 
59.7** 


69.4** 
41.3** 


65.4** 
31.1** 


RIF-1 

(Anoxic) 
(Oxic) 


176.9 ± 7.8 


68.9** 
70.8** 


71.8** 
53.4** 


51.6** 
37.3** 



° Data expressed as mean ± SEM for 6- 12 plates per data point. 

^ Data expressed as percentage of label still found in cells relative to the 



amount found at end of labeling period (second column), n '- 
data point. 
*/*< 0.05; **/'< 0.01. 



6 plates per 



cells (76), a variant of the same mouse sarcoma system. Sev- 
eral other tumor types included in that same study (5) 
showed MISO binding to be inhibited by similar or slightly 
higher O2 levels. Investigations of misonidazole retention 
by V-79 cells shov^ed that uptake in that cell type was even 
more easily inhibited by O2 than was the case with EMT- 
6(Ed) cells (5). Those results are not consistent with our 




3 Hours 
Oxic 

Post-Labeiing Incubation Condition 

FIG. 3. Comparison of retention of pH]FMISO (dark stipple) and 
['^F]FMISO (light stipple) in V-79 cell cultures. Because isotopes were 
counted in two different counters results are expressed as percentage reten- 
tion of label for « = 6 plates per data point. Immediately after the initial 3- 
h anoxic incubation, uptake was 39 1 ± 20 dpm/ 1 0* cells and ' uptake 
was 992 ± 16 cpm/10^ cells. These values were taken as 100% for each 
isotope and subsequent retention was expressed as a percentage of these 
values. 




1 hour 1 hour 3 houre 3 hours 
anoxic oxic anoxic oxic 
PosMabeling Incubation Condition 

FIG. 4. V-79 cells were reincubated in unlabeled medium after a 3-h 
incubation in medium containing [^HjFMISO. Samples of the reincuba- 
tion medium were counted immediately (dark hatch) or evaporated and 
reconstituted (light hatch) before counting to verify absence of [^HlMjO. 



findings with [^H]FMISO binding in V-79 cells, in which 
the 50% inhibitory level is about 1400 ppm, very close to 
the value obtained for EMT-6(UW). Different subhnes of 
V-79 cells were used in the two laboratories, and this may 
explain the difference. For the four cell lines studied the 
amount of oxygen which inhibits binding by 50% ranges 
from 700 to 2300 ppm, comparable to the 50% inhibitory 
level for MISO at comparable drug concentrations (50 fiM) 
in several tumor types {8), Given the limits of our in vitro 
studies, at one drug concentration, our data suggest that 
50% binding inhibition occurs over a range of oxygen levels 
bracketing that for radiobiological hypoxia, as has been re- 
ported for MISO. This range will likely vary as a function 
of drug concentration (4). Thus FMISO should be useful as 
a probe for radioresistant hypoxic cells in human neo- 
plasms provided that its binding is dominated by oxygen 
and less influenced by other factors in the intracellular or 
extracellular environment. 

The growth state of a cell may influence its redox balance. 
This and the availability of reducing equivalents may deter- 
mine the oxygen level which is capable of inhibiting FMISO 



TABLE III 
Normal-Phase TLC of Medium in FMISO 
Release Experiments 



Reincubation 



Peak I 



Peak 2 



1 h Anoxic 


72% 


27% 


1 hOxic 


74% 


25% 


3 h Anoxic 


76% 


22% 


3 h Oxic 


70% 


28% 


Initial labeling medium 


1% 


98% 


FMISO standard 


2% 


96% 



Note, Normal-phase thin-layer chromatography analysis of the reincu- 
bation medium of V-79 cells previously incubated for 3 h in medium 
containing [^HJFMISO (designated initial labeling medium in table 
above) revealed activity in two major peaks. Peak 2 migrated with the 
same Rf as parent drug FMISO. 
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TABLE IV 

Effect of Glucose on FMISO Binding in Anoxic Cells in Vitro 



Cell line 


Control 
glucose 
level 
(mM) 


FMISO binding 
at control 
glucose level 
(mean ± SEM) 
(pmol/ 10^ cells) 


FMISO binding at 
different glucose levels 
(% of control) 

l/IO 1/100 
Normal Normal 


V-79 


5.6 


83.9 ±21.6 


168* 


235** 


EMT-6 


25 


23L8±44.7 


84 


102 


RIF-1 


25 


156.3 ± 18.4 


76 


72** 


CaOs-1 


17.5 


154.2 ± 12.2 


112 


101 



Note. n = 6 plates per data point. 
*P<0.05;**F<0,0I, 



binding. Tumors in vivo contain both actively proliferating 
and quiescent cells (19), Exponentially growing and nu- 
trient-deprived plateau-phase cells in culture model some 
of the characteristics of these cytokinetic populations and 
thus were chosen for comparison of uptake of FMISO at 
various oxygen levels. When uptake over a range of oxygen 
concentrations is compared for CaOs-1, V-79, RIF-1, and 
EMT-6 cells, plateau-phase cells take up less FMISO than 
do exponentially growing cells when data are corrected for 
cell size with the exception of V-79 cells (Figs, la- Id). The 
largest difference was seen for RIF-1 cells. However, both 
growth stages show similar O2 levels for 50% inhibition of 
binding (Table I and Figs, la- Id). Oxygen consumption by 
plateau-phase cells may be different, and possibly less, than 
that by cells in exponential growth, indicative of an overall 
lower metabolic rate. This could be a factor in less FMISO 
binding at intermediate O2 levels (a few mm Hg) but likely 
would not be important in anoxic cultures (<10 ppm O2). 
Nutritionally inhibited plateau cells in depleted medium 
also have less glucose available, and this too could cause less 
binding of FMISO. Such a glucose effect has been reported 
for misonidazole (20). Some of the differences between ex- 
ponential and plateau cells may be due to different propor- 
tions of cells in the Gi or Go portion of the cell cycle, a 
difference which could easily be studied using flow cytome- 
try and cell sorting. However, there are so many other 
differences between plateau and log-phase cells that cell 
sorting alone is unlikely to explain the observed differences, 
and for this reason these studies were not pursued. Overall 
these results and observations indicate that variation in 
growth state of tumor cells in vivo must be considered in 
interpreting uptake of labeled FMISO as a measure of hyp- 
oxic fraction. 

Radiolabeled MISO has been reported to be covalently 
bound to cellular macromolecules including DNA, protein 
and, principally, RNA (7). After anoxic labeling with 
MISO, radioactivity remaining in aerobic, growing EMT-6 



and V-79 ceUs was measured over a period of several days. 
The ti/, for loss of TCA-precipitable, bound radioactivity 
was 55 to 60 h (3). Other investigations using autoradiogra- 
phy to study localization of bound MISO adducts in spher- 
oids have reported that the bound forms of the drug do not 
migrate to adjacent cells (7). These data, if applicable to 
FMISO, are very encouraging for PET imaging studies. 
Modeling the uptake and retention of an essentially irre- 
versibly bound (metabolically trapped) tracer would be 
much simpler than dealing with a tracer with reversible 
binding. However, the above results with MISO were ob- 
tained with acid-precipitable bound radioactivity or radio- 
label that survived the fixation which precedes autoradiog- 
raphy, whereas in an image all retained radioactivity, re- 
gardless of form, v^U be detected. Nonbound tracer 
equilibrated with plasma can easily be accounted for, but 
tracer that is bound by various mechanisms but slowly re- 
leased would dictate a more complicated analysis. For these 
reasons the retention of drug by cells after in vitro labeling 
was examined by reincubating labeled cells in drug-free me- 
dium to determine the time course of release of label and to 
gain some understanding of the form of any released radio- 
activity. The FMISO label is lost gradually from each of the 
four cell types during postlabeling incubation, with greater 
loss in aerobic than anoxic cells (Table II). The loss rate 
ranged from 0 to 40% of the bound label within the first 
hour and up to 60% by 3 h under aerobic reincubation con- 
ditions. The greater loss under aerobic conditions in all four 
cell lines suggests a metabolic reaction occurring more rap- 
idly in the presence of oxygen. 

In all tracer studies it is essential to know that one is fol- 
lowing the molecule of interest and not some other form of 
the isotope. Loss of tritium as [^H]H20 from labeled MISO 
has been reported (27), but this does not appear to be the 
explanation for loss of ^H label during cell reincubation af- 
ter labeling with [^HJFMISO. Radioactivity is not lost when 

TABLE V 

Effect of Cysteamine on FMISO Binding in 
Anoxic Cells in Vitro 



FMISO binding 

at different 
cysteamine levels 
FMISO binding at (% of 0.2 mM level) 

0.2 mM cysteamine 
Cell line (mean ± SEM, pmol/ 1 0 ^ cells) 2.0 mM 1 0.0 mM 



V-79 _ 71.2 ± 3.7 129** 148** 

RIF-1 228.4 ±16.3 125* 117 

CaOs-1 288.9 ±33-0 120 135 

EMT-6 269.9 ±34.4 124 141* 



Note, n - 6 plates per data point. 
*P< 0.05; **P< 0.01. 
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reincubation medium is evaporated and reconstituted (Fig. 
4), as would occur if tritium were released as tritiated water. 
Label from [*^F]FMISO is lost from V-79 cells at the same 
rate as is label from [^H]FMISO (Fig. 3), providing indirect 
evidence that tritium is not lost from the molecule. Reverse- 
phase TLC revealed no activity migrating at the solvent 
front, as would occur if [^H]H20 were present. 

TLC provided some information on the form of the re- 
leased label. Normal-phase TLC of samples of reincubation 
medium indicates that about 25% of the released radioactiv- 
ity was in unaltered FMISO, which may be a result of inade- 
quate rinsing, while about 75% was in metabolites. The na- 
ture of these metabolites has not been determined but their 
migration pattern is consistent with at least some activity 
in the amine of FMISO. The hydroxylamine of MISO is 
suggested as the form which binds actively in hypoxic cells 
and disproportionation of two hydroxylamine molecules 
could give rise to the amine (22). The nitrosoamine has also 
been suggested as a biologically active form of 2-nitroimid- 
azoles (25). At this time no information is available on the 
number and type of FMISO metabolites remaining in the 
cells. These analyses of cell extracts require HPLC, which is 
in progress. 

Both glucose and nonprotein sulfhydiyi concentration 
have been reported to influence MISO uptake by cells {3, 
20, 24), Absence of the necessary reducing equivalents at 
low glucose levels could inhibit the reductive binding of ni- 
troimidazoles (20). Alternatively, oxygen consumption by 
thiol reduction in medium (25) could increase binding. The 
requirement for reducing equivalents should be less strin- 
gent with the tracer levels of FMISO needed for imaging 
studies than for millimolar levels of MISO used in sensitiza- 
tion or cytotoxicity studies, and it was predicted {16) that 
binding of micromolar or lower levels of FMISO should not 
be much influenced by glucose levels. This is generally bom 
out by the studies summarized in Table V. In three of four 
cell types examined (EMT-6, RIF-1, and CaOs-1) glucose 
level had little effect on FMISO binding in anoxic log-phase 
cells, while in V-79 cells reduced glucose increased FMISO 
uptake. High levels of cysteamine increased FMISO uptake 
by cells. This indicates that excess sidfhydryls are not scav- 
enging nitro radicals produced by reduction of FMISO. The 
increased uptake was statistically significant in V-79, RIF- 
1, and EMT-6 cells. However, the use of cysteamine may 
have led to other complicating factors in the interpretation 
of these results. Reduction of MISO by thiols in the pres- 
ence of reduced metal ions should not be a problem when 
using medium containing serum, as was done in these ex- 
periments. Thiol auto-oxidation may also lead to H2O2 gen- 
eration and oxygen depletion in the medium, resulting in 
lower oxygen concentrations than would otherwise be ex- 
pected. This could increase FMISO binding at intermediate 



oxygen levels but is not a likely explanation for the results 
obtained vwth incubations performed in 95% N2-5% CO2. 

From these studies we conclude that the oxygen depen- 
dency of binding is similar for the four cell lines, with 50% 
inhibition of FMISO binding, relative to anoxia, at O2 levels 
of 700-2300 ppm. This may be compared to the full hyp- 
oxic protection against radiation achieved at 1000 ppm. 
The anoxicroxic binding ratios range from 12.6 for EMT-6 
to 28 for V-79 and are high enough to allow detection of 
small foci of hypoxic cells surrounded by well-oxygenated 
tissue. Cell age coupled with poor nutrient conditions, and, 
to a lesser extent, nonprotein sulfliydryls do influence up- 
take. This means that the interpretation of FMISO binding 
in terms of hypoxic fraction will require careful consider- 
ation of other factors. However, the effect of other factors 
in most cases is small relative to the difference between fully 
anoxic vs oxic cells (12- to 28-fold difference in binding). 
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Purpose, The assessment of tumor hypoxia by imaging modality prior 
to radiation therapy would provide a rational means of selecting patients 
for treatment with radiosensitizers or bioreductive drugs. This study 
aimed to develop a ^'^^c-labeled metronidazole (MN) using ethylene- 
dicysteine (EC) as a chelator and evaluate its potential use to image 
tumor hypoxia. 

Methods. EC was conjugated to amino analogue of MN using Sulfo- 
N-hydroxysuccinimide and l-ethyl-3-(3-dimeihylaminopropyI) car- 
bodiimidc-HCl as coupling agents, the yield was 55%. Tissue distribu- 
tion of ''^'^c-EC-MN was determined in breast tumor-bearing rats at 
0-5, 2, and 4 hrs. Planar imaging and whole-body autoradiograms were 
performed. The data was compared to that using ^'^^c-EC (control), 
I"*F]lluoroniisonidazole (FMISO) and iodomisonidazole 
(IMISO). 

Results. In vivo biodistribution of ^'^c-EC-MN in breast tumor-bear- 
ing rats showed increased lumor-to-blood and tumor-io-muscle ratios 
as a function of time. Conversely, tumor-to-blood values showed time- 
dependent decrease with ^'^^c-EC in the same time period. Planar 
images and autoradiograms confirmed that the tumors could be visual- 
ized clearly with ^'^c-EC-MN from OJ to 4 hrs. There was no 
significant difference of tumor-to-blood count ratios between ^"'^c- 
EC-MN and ['-^*I]IMISO at 2 and 4 hrs postinjection. From 0.5 to 4 
hrs, both *^c-EC-MN and ['^MJIMISO have higher tumor-to-muscle 
ratios compared to (**]FMlSO- 

Conclusions. It is feasible to use ^'^^c-EC-MN to image tumor 
hypoxia. 

KEY WORDS: metronidazole; ^'''^c; tumor hypoxia; imaging; 
radiosensitizer. 

INTRODUCTION 

Tumor cells are more sensitive to conventional radiation 
in the presence of oxygen than in its absence; even a small 
percentage of hypoxic cells within a tumor could limit the 
response to radiation (1-3). Hypoxic radioresistance has been 
demonstrated in many animal tumors but only in a few tumor 
types in humans (4-6). The occurrence of hypoxia in human 
tumors has, in most cases, been inferred from histology findings 
and from animal tumor studies. In vivo demonstration of hy- 
poxia has required tissue measurements with oxygen electrodes, 
and the invasiveness of these techniques has limited their clini- 
cal application. 
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Misonidazole (MISO) is a hypoxic cell sensitizer, and 
labeling MISO with different radioisotopes (e.g., '*F, ^"Tc) 
may be useful for differentiating a hypoxic but metabolically 
active tumor from a well-oxygenated active tumor by positron 
emission tomography (PET) or planar scintigraphy. Moreover, 
the assessment of tumor hypoxia with labeled MISO prior to 
radiation therapy would provide a rational means of selecting 
patients for treatment with radiosensitizing or bioreductive 
drugs (e.g. mitomycin C). Such selection of patients would 
permit more accurate treatment because use of these modalities 
could be limited to patients with hypoxic tumors. It is also 
possible to select proper modalities of radiotherapy (neutron 
vs. photon) by correlating labeled MISO results with tumor 
response. 

['^FjFIuoromisonidazole (FMISO) has been used with PET 
to evaluate tumor hypoxia. Recent studies have shown that 
PET, with its ability to monitor cell oxygen content through 
['^FJFMISO, has a high potential to predict tumor response 
to radiation (7-12). PET gives a higher resolution without 
colli malion, however, the cost of using PET isotopes in a clinical 
setting is prohibitive. Although labeling MISO with iodine was 
the choice, high uptake in thyroid tissue was observed (13). 
Therefore, it is desirable to develop compounds for planar 
scintigraphy that the isotope is less expensive and easily avail- 
able in most major medical facilities. 

In vitro studies using mammalian cells, metronidazole 
(MN) was shown to sensitize only anoxic ceils in a dose depen- 
dent manner, a maximum enhancement ratio of 1.9 being 
obtained (2.5 for MISO). However, in vivo studies showed that 
this sensitizer plus radiation group had survival equivalent to 
that of patients given standard fractionated high-dose radiation. 
The difference in sensitization effect may be due to electron 
affinity, lipophilic character (to reduce systemic toxicity and 
not to lose sensitization activity) and glutathione depletion char- 
acierisdcs (14). 

Due to favorable physical characteristics as well as 
extremely low price, ^"Tc have been preferred to label radio- 
pharmaceuticals. Several nitroimidazole analogues have been 
labeled with ^"Tc using nitrogen and sulfur chelates (15-18). 
Bis-aminoethanethiol tetradentate ligands, also called diami- 
nodi thiol compounds, are known to form very stable Tc(V)0- 
complexes on the basis of efficient binding of the oxotechnetium 
group to two thiolsulphur and two amine nitrogen atoms (19,20). 
^"Tc-L,L-ethylenedicysteine (^"Tc-EC) is a recent and suc- 
cessful example of N2S2 chelates. EC can be labeled with ^"Tc 
easily and efficiently with high radiochemical purity and stabil- 
ity and is excreted through kidney by active tubular transport 
(20-22). 

Although radiosensitizing effect using MN was not impres- 
sive, MN has been shown to sensitize hypoxic tumors. Thus, 
in this paper, we present the synthesis of ^"Tc-labeled metroni- 
dazole using EC as a chelator and evaluate its potential use as 
a tumor hypoxic imaging agent and results were compared to 
those ^"Tc-EC (standard), ['«F|FMlSO and ['^'IJIMISO. 

MATERIALS AND METHODS 

The nuclear magnetic resonance (NMR) and mass spectral 
analysis were conducted at the University of Texas Health 
Science Center (Houston, TX). NMR spectra were recorded on 
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a GE GN-500 Spectrometer. The mass data were obtained by 
fast atom bombardment on a Kratos MS 50 instrument 
(England). Sulfo-N-hydroxysuccinimide (Sulfo-NHS) and 1- 
ethy!-3-(3-dimethylaminopropyl) carbodiimide-HCl (EDC) 
were purchased from Pierce Chemical Co (Radford, [L). AH 
other chemicals were purchased from Aldrich Chemical Co 
(Milwaukee, W I). Silica gel coated thin- layer chromatography 
(TLC) plate was purchased from Whatman (Clifton, NJ). ^^"Tc- 
pertechneiate was obtained from a commercial ^Mo/'^^c gen- 
erator (UUratechnekow FM™, Mailinckrodt Diagnostica, 
Holland). 

Synthesis of L,L-Ethylenedicysteine (EC) 

EC was prepared in a two-step synthesis according to 
the previously described methods (23,24). The precursor, L- 
ihia2olidine-4-carboxyiic acid, was synthesized (m.p. 195^ 
reported 196-197**). EC was then prepared (m.p. 237°, reported 
25l-253°C). The structure was confirmed by 'H-NMR and 
mass spectroscopy (FAB-MS) m/z 268 (M\ 100). 

Synthesis of 2-(2-MethyI-5-Nitro-lH- 
Imidazolyl)Ethylamine (Amino Analogue of 
Metronidazole, MN-NH2) 

Amino analogue of metronidazole was synthesized 
according to the previously described methods (25). Briefly, 
metronidazole was converted to a mesylated analogue (m.p. 
149- 150X, reported 153-154°C, TLC:ethyI acetate, Rf = 
0.45), yielded 75%. Mesylated metronidazole was then reacted 
with sodium azide to afford azido analogue (TLCrethyl acetate, 
Rf = 0.52), yielded 80%. The azido analogue was reduced 
by triphenyl phosphine and yielded (60%) the desired amino 
analogue (m.p, 190-I92°C, reported 194-195X, TLCrethyl 
acetate, Rf = 0. 15). Ninhydrin (2% in methanol) spray indicated 
the positivity of amino group of MN-NH2. The structure was 
confirmed by * H-NMR and mass spectroscopy (FAB-MS) m/z 
171(M*H,100). 

Synthesis of Ethylenedicysteine-Metronidazole (EC-MN) 

Sodium hydroxide (2N, 0.2 ml) was added to a stirred 
solution of EC (134 mg, 0.50 mmol) in water (5 ml). To this 
colorless solution, sulfo-NHS (217 mg, 1.0 mmol) and EDC 
(192 mg, 1.0 mmol) were added. MN-NH2 dihydrochloride salt 
(340 mg, 2.0 mmol) was then added. The mixture was stirred 
at room temperature for 24 hours. The mixture was dialyzed 
for 48 hrs using Spectra/POR molecular porous membrane with 
cut-off at 500 (Spectrum Medical Industries Inc., Houston, TX). 
After dialysis, the product was frozen dried using lyophilizer 
(Labconco, Kansas City, MO). The product weighed 3 15 mg 
(yield 55%). * H-NMR (D2O) 8 2.93 (s, 6H, nitroimidazole- 
C//3), 2.60-2.95 (m, 4H and -C//2-SH of EC), 3.30-3.66 (m, 
8H, ethylenediamine of EC and nitromidazoIe-CH2-C//2-NH2)t 
3.70-3.99 (t, 2H, NH-C//-CO of EC), 5,05 (t, 4H, metronida- 
zo!e-C//2-CH2-NH2) (s, 2H, nitroimidazole C=C//). FAB MS 
m/z 572 (M^ 20). The synthetic scheme of EC-MN is shown 
in Fig. I. 

Radiolabeling of EC-MN and EC with '^Tc 

Radiosynthesis of '^"Tc-EC-MN was achieved by adding 
required amount of ^"Tc-pertechnetate into home-made kit 



containing the lyophilized residue of EC-MN (3 mg), SnCl2 
(100 ^tg), Na2HP04 (13.5 mg). ascorbic acid (0.5 mg) and 
NaEDTA (0.5 mg). Final pH of preparation was 7.4. ^*^c- 
EC was also obtained by using home-made kit containing the 
lyophilized residue of EC (3 mg), SnCl2 (100 ptg). Na2HP04 
(13.5 mg), ascorbic acid (0.5 mg) and NaEDTA (0.5 mg) at 
pH 10. Final pH of preparation was then adjusted to 7.4. Radio- 
chemical purity was determined by TLC (ITLC SG, Gelman 
Sciences, Ann Arbor, Ml) eluted with acetone (system A) and 
ammonium acetate (IM in water):methanol (4:1) (system B), 
respectively. From radio-TLC (Bioscan, Washington, DC) anal- 
ysis, the radiochemical purity was >95% for both radiotracers. 

Synthesis of ['»F]FMISO and ('^"IJIMISO 

['**F] fluoride was produced by the cyclotron using proton 
irradiation of enriched ***0- water in a small- volume silver target. 
The tosyl MISO (26) (20 mg) was dissolved in acetonitrile (1.5 
ml), added to the kryptofix-fluoride complex. After healing, 
hydrolysis and column puriflcation, A yield of 25—40% (decay 
corrected) of pure product was isolated with the end of bombard- 
ment (EOB) at 60 min. HPLC was performed on a C-18 ODS- 
120T column, 4.6 X 25 mm (Waters Corp., Milford, Mass), 
with water/acetonitrile, (80/20), using a flow rate of 1 ml/mi n. 
The no-carrier-added product corresponded to the retention time 
(6.12 min) of the unlabeled FMISO under similar conditions. 
The radiochemical purity was greater than 99%. Under the UV 
detector (310 nm), there were no other impurities. The specific 
activity of [^**F] FMISO determined was I Ci/fjimol based upon 
UV and radioactivity detection of a sample- of known mass 
and radioactivity. 

[*^'I]IMISO was prepared using the same precursor (26), 
briefly, 5 mg of tosyl MISO was dissolved in acetonitrile (1 
ml), and Na'^4 (1 mCi in 0.1 ml IN NaOH) (Dupont New 
England Nuclear, Boston, MA) was added. After heating and 
purification, the product (60-70% yield) was obtained. Radio- 
TLC indicated the Rf values of 0.01 for the final product using 
chloroform methanol (7:3) as an eluant. 

Stability Assay of '^^^Tc-EC-MN 

Stability of labeled ^'^'"Tc-EC-MN was tested in senim 
samples. Briefly, 740 KBq of I mg ^"Tc- EC-MN was incu- 
bated in dog serum (200 |xl) at 37**C for 4 hours. The serum 
samples was diluted with 50% methanol in water and radio- 
TLC repeated at 0.5, 2 and 4 hours as described above. 

Tissue Distribution Studies 

The animal experiments were approved by The University 
of Texas M. D. Anderson Institutional Animal Care and Use 
Committee (lACUC). Female Fischer 344 rats (150 ± 25 g) 
(Harlan iSprague-Dawley, Indianapolis, IN) were inoculated 
subcutaneously with 0.1 ml of mammary tumor cells from the 
13762 tumor cell line suspension (10* cells/rat, a tumor cell 
line specific to Rscher rats) into the hind legs using 25-gauge 
needles. Studies performed 14 to 17 days after implantation 
when tumors reached approximately I cm diameter. Rats were 
anesthetized with ketamine (10-15 mg/rat, intraperitoneally) 
before each procedure. 
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Fig. 1. Radiosynthesis of ^^c-EC-metronidazole (EC-MN). 
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In tissue distribution studies, each animal was injected 
intravenously with 370-550 KBq of ^"Tc-EC-MN or ^"Tc- 
EC (n = 3/time >3int). The injected mass of ^"Tc-EC-MN 
was 10 fJLg per rat. At 0.5, 2 and 4 hrs following administration 
of the radiotracers, the rats were sacrificed and the selected 
tissues were excised, weighed and counted for radioactivity. 
The biodistribution of tracer in each sample was calculated as 
percentage of the injected dose per gram of tissue wet weight 
(%ID/g). Tumor/nontarget tissue count density ratios were cal- 
culated from the corresponding %ID/g values. The data was 
compared to ['**F]FMlSO and [*^*I]IM1S0 using the same ani- 
mal model. Student f-test was used to assess the significance 
of differences between groups. 



Polarographic Oxygen Microelectrode p02 
Measurements 

To confirm tumor hypoxia, intratumoral p02 measure- 
ments were performed using the Eppendorf computerized histo- 
graphic system. Twenty to twenty-five p02 measurements along 
each of two to three linear tracks were performed at 0.4 mm 
intervals on each tumor (40-75 measurements total). Tumor 
PO2 measurements were made on three tumor-bearing rats. 
Using an on-line computer system, the p02 measurements of 
each track were expressed as absolute values relative to the 
location of the measuring point along the track, and as the 
relative frequencies within a p02 histogram between 0 and 100 
mmHg with a class width of 2.5 mm. 



Scintigraphic Imaging and Autoradiography Studies 

Scintigraphic images, using a gamma camera (Siemens 
Medical Systems, Inc., Hoffman Estates, IL) equipped with 
low-energy, parallel-hole collimator, were obtained 0.5, 2 and 
4 hrs after i.v. injection of 18 J MBq of each radiotracer. 

Whole-body autoradiogram was obtained by a quantitative 
image analyzer (Cyclone Storage Phosphor System, Packard, 
Meridian, CT). Following i.v. injection of 37 MBq of ^'^c- 
EC-MN, animal was killed at I h and the body was fixed in 
carboxy methyl cellulose (4%) as previously described (12,13). 
The frozen body was mounted onto a cryostat (LKB 2250 
cryomicrotome) and cut into 100 p.m coronal sections. Each 
section was thawed and mounted on a slide. The slide was then 
placed in contact with multipurpose phosphor storage screen 
(MP, 7001480) and exposed for 15 hrs. 



Table 1. Biodisuibuiion of ^^c-EC-MeUDnidazole Conjugate in 
Breast Tumor Bearing Rats* 



30 min 2 hr 4 hr 



Blood 


1.46 


-1- 


0.73 


I.I9 




034 


0.76 




0.14 


Lung 


0.79 




0.39 


0.73 




0.02 


0.52 




0.07 


Liver 


0.83 




0.36 


0.91 




0.11 


0.87 




0.09 


Spleen 


0.37 




0.17 


0.41 


-1- 


0.04 


037 




0.07 


Kidney 


430 




1.07 


5.84 


^ 


0.43 


639 




0.48 


Muscle 


0.08 




0.03 


0.09 




0.01 


0-07 




0.0 1 


Intestine 


0.27 


-i- 


0.12 


0.39 




0.24 


0.22 




0.05 


Thyroid 


0.51 




0.16 


0.51 




0.09 


0-41 




0.02 


Tumor 


0.34 




0.13 


0.49 




0.02 


0.50 




0.09 



" Each rat received ^'^c-EC-metronidazole (10 p.Ci, iv). Each value 
is percent of injected dose per gram weight (n = 3)/time interval. Each 
data represents mean of three measurements with standard deviation. 
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Table 2. Biodistributiori of ^'^c-EC in Breast Tumor-Bearing Rats" 



% of injected ^'^^c-EC dose per organ or tissue 



30 min 2 hr 4 hr 



Blood 


0.44 


-♦- 


0.03 


0.21 


-»- 


0.01 


0.15 




0.01 


Lung 


0-27 


-t- 


0.02 


0.14 




0.01 


0.12 




0.01 


Liver 


0.51 


-t- 


0.06 


0.29 




0.07 


0.23 




0.02 


Stomach 


0.14 


■+- 


0.06 


0.04 


-»- 


0.03 


0.04 




0.0 1 


Kidney 


7.9 i 


■+■ 


0.90 


9.12 


-»- 


0.05 


7.83 




1-02 


Muscle 


0.06 




0.0 1 


0.03 




0.01 


0.02 


■+■ 


0.01 


Intestine 


0.17 


•+■ 


0.03 


0.40 




0.09 


O.IO 


^ 


0.0 1 


Thyroid 


0.22 


-4- 


0-04 


O.I I 


-t- 


0.00 


0.08 




0.01 


Tumor 


0.34 




0.16 


0.12 




0.00 


0.10 




0.01 



* Values shown represent the mean ;t standard deviation of data from 
3 animals. 



RESULTS 

Radiosynthesis and Stability of ^'^c-EC-MN 

Radiosynthesis of EC-MN with ^"Tc was achieved with 
high (>95%) radiochemical purity Radiochemical yield was 
100%. ^"Tc- EC-MN was found to be stable at 0.5, 2 and 4 
hrs in dog serum samples. There was no degradation products 
observed. Radiofluori nation and radioiodination of MISO were 



achieved easily using the same precursor. In both labeled MISO 
analogues, the radiochemical purity was greater than 99%. 

In Vivo Tissue Distribution Studies 

The tissue distribution of ^"Tc-EC-MN and ^^c-EC in 
the tumor-bearing rats is shown in Tables 1 and 2. Due to high 
affinity for ionic ^"Tc, there was no significant and consistent 
thyroid uptake, suggesting the in vivo stability of ^"Tc-EC- 
MN (Table I). 

Biodisiribution studies showed that tumor/blood and 
tumor/muscle count density ratios at 0.5-4 hr gradually 
increased for ^"Tc-EC-MN, [»«F]FMISO and [^^UJIMISO, 
whereas these values did not alter for ^"Tc-EC in the same 
time period (Figs. 2 and 3), [*^F]FMISO showed the highest 
tumor-io-blood uptake ratio than those with [*^'I]IMISO and 
^"Tc- EC-MN at 30 min, 2 and 4 hrs post-injection. Tumor/ 
blood and tumor/muscle ratios for ^"Tc- EC-MN and 
[*^'I]IMISO at 2 and 4 hrs postinjection were not significantly 
different (p < 0.05). 

Scintigraphic Imaging and Autoradiographic Studies 

Scintigraphic images obtained at different time points 
showed visualization of tumor in ^"Tc- EC-MN group. Con- 
trary, there was no apparent tumor uptake in ^"Tc-EC injected 
group (Rg. 4). Autoradiograms performed at 1 hr after injection 
of ^"Tc- EC-MN clearly demonstrated tumor activity (Fig. 5). 
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Fig. 2. Time-dependent variation of tumor/blood uptake ratios (%lD/g wet weight) with ^^Tc-EC-MN, [*«lFMISO. ['^4]lMISO 

versus ^'^^c-EC (n = 3/time point). 



I\iinor Hypoxia Imaging 



747 



Polarographic Oxygen Microelectrode pOj 
Measurements 

Intratumoral p02 measurements of tumors indicated the 
tumor oxygen tension ranged 4.6 ±1.4 mmHg as compared 
to normal muscle of 35 ± 10 mmHg. The data indicate that 
the tumors are hypoxic. 

DISCUSSION 

The development of new tumor hypoxia agents is clinically 
desirable for detecting primary and metastatic lesions as well 
as predicting radioresponsiveness and time to recurrence. None 
of the contemporary imaging modalities accurately measures 
hypoxia since the diagnosis of tumor hypoxia requires patho- 
logic examination. It is often difficult to predict the outcome 
of a therapy for hypoxic tumor without knowing at least the 
baseline of hypoxia in each mmor treated. Although the Eppend- 
orf polarographic oxygen microelectrode can measure the oxy- 
gen tension in a tumor this technique is invasive and needs a 
skillful operator. Additionally, this technique can only be used 
on accessible tumors (e.g. head and neck, cervical) and multiple 
readings are needed. Therefore, an accurate and easy method 
of measuring tumor hypoxia will be useful for patient selection. 
However, tumor to normal tissue uptake ratios varies depend 
upon the radiopharmaceuticals used. Therefore, it would be 
rational to correlate tumor to normal tissue uptake ratio with 
the gold standard Eppendorf electrode measures of hypoxia 
when new radiopharmaceuticals introduced to clinical practice. 



[**F]FMISO has been used to diagnose head and neck 
tumors, myocardial infarction, inflammation, and brain isch- 
emia (27-30). Tumor to normal tissue uptake ratio was used 
as a baseline to assess tumor hypoxia (29). Although tumor 
hypoxia using ['*F]FMISO was clearly demonstrated, introduc- 
ing new imaging agents into clinical practice depends on to 
some other factors such as easy availability and cost. 

Due to better imaging characteristics and lower price 
attempts arc made to replace the '^4, ^''Ga and * * 'In labeled 
compounds with corresponding ^"Tc labeled compounds when 
possible. Verbruggen et al. reported that EC can be labeled with 
^"Tc very easily and efficiently at room temperature with high 
radiochemical purity and the preparation remains stable for at 
least 8 hours (20). Because of reported labeling capacity and 
rapid renal clearance, EC was selected to synthesize a new 
^"Tc-labe!ed metronidazole. EC-MN was prepared using a 
relatively simple and fast chemistry. A labeling kit was also 
developed to make its use in clinical practice easier. Radio-TLC 
results with ^^^'^c-EC-MN kit confirm the high radiochemical 
purity and stability. 

In tissue distribution studies, although no significance dif- 
ference of tumor-to-tissue uptake between ^"Tc-EC-MN and 
^"Tc-EC groups was observed, there was a significantly 
increased tumor-to- tissue uptake ratio as a function of time in 
the ^"Tc-EC-MN group. When compared with ['^FJFMISO 
and [*^*I]1MIS0, the tumor-to-tissue uptake ratios for ^^"Tc- 
EC-MN is similar to those with [*^'l]IMISO. 
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Fig. 3. Time-dependent variation of tumor/muscle uptake ratios (%ID/g wet weight) with '^c-EC-MN. ("*F]FMISO, {''*I]IM!SO 

versus ^'^c-EC (n = 3/lime point). 



748 



Yang et oL 





B 





Fig. 4. Selected ganuna scintigraphy images (ventral view) of a rat with a subcutaneous breast tumor in the right hind 
leg at 1 (A) and 4 (B) hrs following intravenous administration of '^"Tc-EC-MN (left) and ^^c-EC (right). ^*^c-EC- 
MN uptake was evident in the tumor (arrows) up to 4 hr. There was very minimal radiotracer uptake (arrowheads) in the 
tumor area with ^'^c-EC 



Thyroid tissue uptake was not altered after ^"Tc-EC-MN, 
whereas thyroid uptake increased with ['^'IJIMISO. The find- 
ings suggest that ^"Tc-EC-MN is more metabolically stable 
than ['^'I]IMlSO. Tumor oxygen tension was determined to be 
3.2 to 6.0 mm-Hg, whereas normal muscle tissue had 30 to 



40 mmHg, Although another factor such as anemia that may 
influence the level of tumor hypoxia^ there was no attempt in 
identifying this factor, Autoradiograms of ^"Tc-EC-MN dem- 
onstrated the feasibility to assess tumor hypoxia. The findings 
support that further studies on determining normal tissue dosim- 
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Fig. 5. Whole-body auloradiogram (coronal section) obtained 30 min after intravenous 
injection of ^^c-EC-MN clearly demonstrated tumor activity. A corresponding sectional 
image is on the right. 



etry, measuring sesitizer enhancement ratio (SER) and identi- 
fying whether ^'^^c-EC-MN can provide a rational means of 
selecting patients for treatment with radiosensitizing (e.g. SR- 
2508, Ro-03-8799) or bioreductive agents. 
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Glycots^ Gmwih Rsite in Noxiiuil and iii H«oIdjQiai«-lt"a]3sf^ NIII-3T3 Cdb 

Maufi2uo FanciuUi, Mateo G- Paggi, Hziana Bnmo, Cario Dd Carlo, Francesco Boocttc. 
Ftancesco P. Gcotile*, and Aiislidc Flwidi* 

I^abocaxocy of Cell Metabolisns azKl Bianziacolaa^s, and "LsA^ortUUxy cf Medical ^ysics^ Crater fcr ExjxaiincQtal Se&carrii^ 
RegiTU Elesia Cacfief L^stiime. Via dcSc KtessI d'Oio 156, 00158 Romo, Italy 

(Siibmftr4July IS, 1994; scmfm fvyrsi0nAysustZ9; wccivfd €md accepted Stpfembtf 29, 1994) 

A^stmct Tbc slycolytic tmysnct hcxMi^HS& pUjr» a Vcy mle in regulating cell energy mctithDli&m. Jht activi- 
ty has bocn asscoiaRed wi:h celE grorwdi raic and, nocabSy, with osnplastk tninsConnaticfi, NIH-3T3 cells wan 
tiansfected wcth a tuntor hexdbxnase cDNA. Hkc traissfected odls showed increased busjio^ase &i»ouat ax^ 
activity, maiaJy locaftDd in dsc psoticulstc ccHular liaction, increased glycolytic lale evalcated as lactate im^ 
ductioD» and* 6Aa11y» co^umocd gn>wth rate. Ttese data may iuigg^ (hat hi^ hcxcUcmssc activtQr might be 
ncd ntoicjy t}^ ooi&ieguencfi of pectiliar xi^^ 

aUoaoMKiificatkxiabjeprr j«todii¥e,atieastpar^^ a oaic ioteiisc nvtotic actlyily. 
iTey yvords: hcxokiziasc. tcxustedJCTn, growth rate, N?H-3T3 cdHsL 



Among tiie mo5t comnton biocb!^C3J diaracteris- 
tics <^ rapidly gsowing cdl.^ and paitkailarly of caDccs- 
cdb, there iill^k&prc4)(^<^ to catabolize^iicose at ele- 
vated rates, conscq ucolly yidding higjtier lactate pmduc- 
tjon [1-5]. This elevated tunuM' glycolytic activity has 
pczzled biodbtcmists iw many years [1, 4, 6» 7J; tfee ic?.- 
soii why these <:ells esdiihit such a soetabcHic transfor- 
mation is still Dot dsaely ujoderstood, althoo^ it caa be 
at least paitiaHy explained by an incieasod rate of glu- 
cose traosport [S] and chroush soooe peculiar pzopeitics 
of &e ^ycoiytic regaliitaty enzymes [7]. Singh etsL [9] 
cmclate cdl (THiisf<srcAtk)R vncQi m increase of the HK^ 
(BC 2.7AAJ) activity, ^ majozity of which is f<»od in 
a poidculale fcnn, associated with the outer mitochon* 
diial nsembcane [10—14]. 'Ihis peccliar locatioo allows 
£sEvofc>d access to &eshly geoccsiV^ trntochoiidrial ATP 
[14] ui aLouxsl coni^Lctttly iilxilisiusaf j$Iucusc~6-pLo£- 
pksic i^wdbacfc iidublti<m [10, 131: dus leads to^uoose- 
6 ^hos^hstt oveipKK^ctlcn, which is partially utilized 
fay glycolypis said Kvchs. cycle to increase not only the 
cellolar supply oi ATP, but also the acoinmlatica of pre- 
cursors for ihe biosyotl^is oi inqpoxlant lastabolites* 
such as triglycerides and cholesterol, oxidoicdiictivc: 
eqiflvaknts fin pfotdn biosynthesz&i acd, by the pentose 
fiiQsphate pa&w:^« noclctc acids» all of thcca c-cccssaiy 
for odl growth and refHcadoo. 

Rec5cntly. the aj^p&ation of xcwkcnlar biology tcc3i- 
niqnes libed a new light on the nnderstandisg of some 



*ra whm cormpondatce shaedd be ofidrKsstsd: Tel. 3^6- 
49&5-2562; FAX 39-6^1 S^?3. 

'AS2^nn<2atfo9u used: HK. bexckiaase; SSC 130 mM Nad, 
15 mM Na-citrale, pH 7j0; SDS, sodiuaa dodecyl sul^tc; 
PBS, 145 mM KaTJ, 10 mM Ma-phoRphate; pH 7.40; PMSF, 
pfaeaylmediylsiilplionyt fluofkle; DTT, DL-<SithiothreitoI; 
SDS-PAGE, sodium dodocyl scdfitfo-potyaorylaaiuic gel eke- 
traphonrbiir; HMW; high niubcutar weight; LMW, Jew motec- 
ular weigbt. 



aspects of cancer energy metabolisza and. notably^ on 
HK [15-18], To investigate die rc4e of the HK in sop- 
portmg high aerobic glycc^sis end to d^me its own 
influeooe on ccU gnowth fate, cxperimentJi with NIH- 
3T3 filHoblasts, transacted with an expxsstoa coo- 
stoict carrying an entire tunKir HK cDNA [16], wctc 
caniedout 

MATEKlAf^ AND METHODS 

Cells, The NIH-3T3 parental crfJ Ime was grown at 
37*C in Duibecco'fi modified Eagle's i3iedinm phis 5% 
fetal bovine scrunt^ 2 mM glulamiiic (BioWUtaker^ PBI» 
Milan. Italy), and antibiotics in a 5% CO^ atinospiiisrc. 

Transfec^TU pSVLrHK> used for transfectioQ^ was 
made by Ugating a 2.7-1^ Xbak-Xbai doncxl cDN A &ag- 
ment [I6J. containing the entire HK cDNA, 4 bp 
iq£t]^aiiiL Ccocn the ttanscdptiosial staitfng site^ into .ttte 
JQ>Q^k site of the pSVL vector (Pharmacia^ Mikn, ftaly). 
Oxreci odcntatioa of the iosot was verified by reseiic- 
tkm analysis. Cells were transfected using the calcium 
phosfdiate piooedixre [19], ootransfbcting for sdlectian the 
pUsmld pRc/CMV (Tnvitrogen, SIAL, RoofK;, Italy) coo- 
tainiAg anoomycia it&istanoe gene. Acotiier transfectioa 
with the pRc/CMV alone was done as a cootix^. Cdffe 
were selected in the same medlnzn iisod fof: &e parraitai 
cell line, plus the addition of 0i5 mgfml neomycin far 3 
days, and noatotBii^ ttiea at 9.4 mg/mL Individual lii^ 
were dcxivod by isolatii^ fidn^ pcioiaiy odocdes. 

Southern and norihem biats. Total geoonric DNA 
was isduted accorthng to San^nx^ et aL [19], ^j^st- 
ed with j^omHI, and eiectrophoncscd thnmgh a 0.8% 
agarose gel; total RNA was isolated according to 
Chonrczynski and Sacchi [20], subjc-ctcd to dec- 
tropborescd through a K2% agarose gel containing 
founaldchyde [19]. After trai^fr^ to a nitrocellalosc 
jmcmbraoc (BA-85; Schleicher & SchuelU Pabvxb, 
Milan, Italy), hyl^dizatLona were earned out ueing 
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pictbes labeled with iSbc random pdming ledmique [21]> 
using a-l^^PJ-ilATP (Amersham, Milxo, Iialy). 
Mcmtehncs were b>ixidized at 65X in the picsecce cf 
Qiiildfyb fStrata^cnc, SIAL, Rom itdly). After a fiaal 
hil^Hstringcncy wash x SSC, 0.1% SDS fit 65**C 
for 30 mia)> the tiitrocclhilosc was exposed at -70'^C 
nsiog Kodak XAR-5 film with Da Pout Croncx 
(Florenoc, Italy) intsnud^'i^g screens 

Cell lysis Md HK activity. Cells wcw5 washed twkc 
In ioo-o^ FBS and honKtgenized in aa icelKiCh using a 
tiglit-fitting Potter homogenizer (Thomas Scientific, 
Swddesbocv, WJ. UvSA) with a TefloG pestle ia 01 k 
F3S» I mMPMSF, I inM im; and 1 inM ECTEA- The 
lK>nu?geoaie was then ccotxifugjed at IJOO g at to 
sediment nuclei and dd>ns. The posfcoudear s(q>enis2aEa 
was ccntrifpgod at 12,000 g for 30 mia at 4'C. HK. 
activity was evaluated, acoocding to Panry and Piedosen 
[121, aft«r a 30-inia iocubsitioo on ice ia ^ presence of 
6^% Triton X-lOOi, bc^ in the scJiiueiit (bound HK) 
and 5a the supennatant (frcse IIK), 

Pwtem Jetermutation, SDS RXCE, cmd wcxlem bloL 
ProteiG ccxicentration in wboio-cell extracts was; nsiea- 
$crcd acct»dicg to the bicinchoainic 2£id method [17] 
using bovisc scrum albumiiu Iractiosi \^ as a staodaid. 
SDS-PAGE was done accoidla^ to lusemrali [22] ia a 
7.5% acrylamide gel; 100 y,g of protein was loaded 
otnto each lane. After prot^ ttansfer co a mtrccellolose 
menibrane (B A-85; Schleicher & Schiiell), HK waji 
visualized urfng a rabbit aati'AS-3(S) rat hepatoma HK 
inucime scmni [23]. 

Gtycofysis (Lviay, McisineznenCs of accubiu lUywly- 
sia» as lactate production, were carried out as prcviou;$ly 
described [241* tBcubnting 4 x lO^ceUs for 60 mixi. 



Lactic in the supen^ants wxs evaluated according to 
Hcriiorst 125 1. 

Growth curves astd data malysU. Growth cwfvcs 
wcfc doue piattsg 1 X 10^ cells tnio 60 jrwna diameter 
pctfi dishes. At daily iittecyals, odlft were removed and 
coonted using a Coulter counter model ZM (Cooiter 
EIectnonics» Luton, Eogjand). The expeaicocntal data 
wci'e fitted by a Gosapcrtansi functioh [26] and by a 
THxrvicHisly described coa^utec pcogram [27]. 

The differaficci amcHig the &ttcd growth curves cxx- 
icsponding to the NIH-^T5, 2 A, and 4A cell Kocs have 
bccu evaluated by analysis of v&ri&i)C£. 

RESULTS AND DISCUSSION 

Soutiicm titoi in iugcre 1 A lefers to gemoDC DNA 
analysis of NiH-3T3 cells, oeomycia-iesistant transfect- 
ed 2A oelEs, and ncomycin-resistaAt and HK cotrans- 
fected 4A cdls. digested usiiig Bamhil as restriction 
endonnclease. and probed with the HK cDNA. 
SigoiiicaDtly, in the hybridization pattcm of 4 A ceils 
shown in Figure i A* two bandic were ciRphastced, cor- 
lesponduig to the fiagtne&ts of 1^ and 0.8 kb, tht^sum 
rqjiesc^tbig the exact size of the transfected IIK cI^A 
(2.7 kb) 116]. Hgure IB is a Docthem Wot it>.owiTi^ feal. 
tbe transfected HK cDNA was actively uanj^cribed in a 
messs^ of 2.7 kb, shortar thaa the eiidogcnoa^ oik (43 
Jd>}, but strictly in agreement with the size of the trans- 
fected sequi»ic&. 

To evaioate whether the exogenoos HK message was 
translated, an sneti-HK serum was utilized to detect the 
protein quantitatively in western blots of total ceU 
extracts. Both esulogeitous and cxogecous HK were 
specifically xecognized by this imrnnne semm, raised 
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^tf^m L Tlte lhi^pspcfer«te to 3T3 (NIK-313>, 2A,afid ccUsl A) Southern blot of gwiomk: DNA, after RomHT digea- 
tkm, u«ing the tumor HK cDNA ptobc 116]. Kikrfiase pair values repfeseot tlie UK^ccuIar size madufs migration distances. 
B) Top; DOL^lhenilrfot of toSaiRNA using die tumor llKcDNAi^^ 18 S rRNAare 

indicated B<?Uwn: the same mt<oce5lulosc xcjsobed wto the OAJPDH cDNA Q HK vboalizod :n y^^^stcm Wot; HMW aad LMW 
UK w itx&fiicd. Kikklahoi) values cqitcscnt tbe njrMecuiar weight madcors migt^adon dittiances. 
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agmst the AS-30D faqpatoma HK f231 (Figore LC); 
actually; also in these cell lir:es« two enzynvulc form 
with «ligTitfy different apparect moiccnlar mass, tIMW 
{CO. Ml kDt) sa4 LMW {ca. Ill kOa) HK, were 
defected. Id the NIH-3T3 cell line; an imiease of the 
HMW HK was observed in the 4A ^ not in the 2A 
cell line, t&eiy due to the acdvc rraDscnpdoii and trans- 
ladoQ of the trai^sfected HK cDNA. 

In order to vcri^ whether dsc ovcscxpiessed pxHdn 
was also functi<Miall> active^ HK activity was naeasuied 
in extracts from all the above mentioned cell lines 
(Table 1). The transfected protein was enz^'matically 
active and accaciiled foe a 46% iocitase ofOie lolal HK 
activity. Litcrciftiogiy cnou^^ this additive activity 
cottld be ascdbod to the paiticnlate eo2yn3ew whereas 
the c^tc^lasmic activity did ixyt seem to be suS^cct to 
any diange. The effect of this iocrea&ed level of HK 
acdvfty inftnenced the o\^ef^! glyooLytIc rate, evaluated 
as lactate production (Fable 1)» which raised from 2.4 
and 2.3 |itnol/mg protcLt/h for NIH-3T3 and 2A, 
icq)cctivciy^ to 4.4 for the 4A cell line. 

it has been widely observed that tumor cells exhibit 
incccassed rates of glycolysis (see \7] for review). This 
j^icsuiaieaion is acxxmpanied by an increase of the HK 
activity and by a change is snbccllnlsr distribution of 
^ en^me from a predovmnantly cytosolic co & parties 
ulatc mitochondrially bound form [7, 10, 13J. Our 
experiments provided data about the cnxrelation 
betivewi HK w:tivity and glycolytic rate in the NIH-3T3 



cdl line^ diowtng that the cazyrxx activity could posi- 
tively affect the ^yoolytic rEte. Moft;ovci; these jre^ts 
can further suppoat the ncle cf the paztacnlateenzynie in 
in(»asdn£ the rate of die Embdso-Mcycrhof pafhway. 
as observed in fntDcs' cells [14]. 

BecAii^ In^hiy glycolytic cmiccr cells, ^oca as hep- 
acoma <;clls, exhilnting a higji p^ceotage of naitodhon- 
drially bonnd HK show in additiiM) an elevated cell 
growth rate {11, 28], we investigated T**cther a tians- 
fected tnembrane-bound HK activity could aOecl the 
NTH-3T3 growth rate. Figure 2 illustratosf ccH grofwth 
race in N1H-3T3. 2A, and 4A cell lines. The cxperi- 
roeatal data were Oiled by a Goni^rtdaa function 
[26]. Growth data have been evaluated by modifying a 
prmoiLsly described ccnnptitcr program [27]. The data 
corrB«pondiag to the JNIH-jr3, 2A, and 4A cell lines 
have been tested by an analysis of variance^ with dif- 
ferences between groaps considered significant at 
/* <O.OI. UuDg contraats in an ofthogtniai comparison^ 
a significant difTcreoce between 4A and NTH-3Tj ptos 
2A ceE lines and an insignificant difTemicc between 
2A and NI[f-3T3 cell lines has been revealed. Data 
were evaluated either at day 3» whene the differ^ce in 
growth rate was more evident, or at day 6, it also 
q>peared that, aftcx day 6, curves tended to become 
paraild aod evCTtually to overlap; this may be due to 
the contact inhibstitm phcnomentHi, characteristic of 
NIH-3T3 cellSy wMch is conserved lo 9«ne extent in 
the 4A 5irairL 




Flsnre 2, Gmwtit curves l^NIE'^i3v 2.\^ and 4A ccfis. Points were averaged fram dinoc diffcTcal cxpccbn^ pcrforracd is 
trqtlicatB. 
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l>9blc L Total, boimdf free h&xokUukM actiritr an^ 
admldc lAciate pmductien Crf Borxn&l (3T3>» acoi&jrCHi- 
f2A), »»d toaofelnAse^nsfMed <4A) NIH-3rr3 ceils. HK 
oc4ivifv is sKpmsed as aracKee NADPH fanned noiiuic^' nul- 
iignini pcotdn-' stt Lacts&c pcodtKlioa is expressed as 
iDicn3c:»(c8 lactalc mifligram paooefe'' hour-^ «t liTC Eacfi 
vuluc i; ^> averaged frnm !ivc dijfoccl expentDems pcr- 
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120±4 
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2A 


m±3 


51 ±5 


64 ±6 


94 




4A 


175±6 


93:t4 


70±5 


93 
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The^ data clearly demonstrated a positive coireb* 
doo bcriwxtt HK activity and ceJI giowlh rate in tto 
cell line Inlercstingly, previous works a5KOCUting these 
two poranietm csscmially conclude tfiat the ei^Dced 
IIK activity, mainly bounds is a required support fot 
ft^d cell growth and repluation, fiunishing eleva«]cd 
OMiccntraticnu of loct^wlites P. 7, 14, 29J; this hasi- 
cmUy means that enhanced HK synthesis and its shift to 
the paiticulate form are scca as aa adaptation lu the 
cew Doetalxiiic requirenients of the transfoimcd cell. 
Our cxpcricKsits, altcmatt vely, emphasize the pcu&xbili- 
ty dial the traosfiected memifaras^boucd tumor HK» prc^ 
sent in the 4A clone; could he perse responsible for the 
tntm iotense mitotic activiry, at least facilitating ccU 
nustahdlisan in some specific coDdltsoos, such as during 
in vitro growth. 

IVunang^ucity tests on the 4A done, either in vivo 
or in vitros are underway ia an attea^ to define accu- 
lately the role of HK Dot only in supporting, but also in 
dicitiag tuflior growdi. 

ACKNOWLEDGEMEmS: Hbrfc was psxrdciiy isupiwrted by 
ACRO-CNR. by AssociazUme ftaiiana per la nictrca sui 
Cancro (AIRCJk and by Mmls$en> deUa Smixd. The tmihors 
iharkKSfoi%a, Dl davopau, mdl. Zardmjbr (he gntphic 
Mndpboio^frapitScworL Francesc4? 9<meau is unAIRCJeikm. 

RKFBRK74CKS 

1. Goiddo^ Vdk3m£±^ S. K The role giycc^ysus 
ID the growth of tUEiLor ccti$. J. Biol. Chcia. 
240:Z7S6-279Q; 196;S. 

Z Wtt, R. Conorol tnechaolsms of j^ycxdysis in IHtaiidi 
ascites tumor cells, h fiiol. Chcai. 240:2^-^2.- 1963. 

3. NakasMma, R, A,; Paggi, M. G.; Pcdtrsen. R U 
CootEibutiom of £l>cubr>u» and Qxydetive ^tos(4iof>U- 
tioa to iufetM)sio&-5^-<njrfK»phac pfoductioii in AS.30D 
hcpefcoTO cells, Canw acs. 44.5702-5706; l9Mw 

4. Pi4»coii5t£irtiROT, U CVowick, S- P.Thc lok of ^ycol- 
ysts in the growth of tumor cells. J. DioL Chera. 
236:27S-288; 1961. 

5. Chaac^ B.; GarfJafcel, D.; Higgles, J.; Hcsa, B. 
NCstahoItc ccaoTDl mechanisms. V. A solvltun for the 
equations represeadn^ interacticn. between ^^ycolysis 
and jc^nratioa la ascites tsmts cells, i. BioL Cheaa, 
2355426-2439; I960. 

6. Wxrfourf. O. Ubcr dcai BtuCTVvechsel der Comoren; aibcil- 
cn aus dcm Kaiser WilheliXMnsdiat for bok^ogie. Bcriin: 
J. Speangen I92fepp. 1 13-149, 

7.]^»^ers£t^ P. 1« ibincr zj^Co<^ioDdria aod Moeaexgeck^; of 



caMcr cell Fiog. Eap, TuxwrarRes. 22:m 274; 1978. 
B. Hie?, J. S.; Ms«ddcx. X€. M.; Usher, lodisls. li E 

Elevated levels of ^uroec tcaaspoit and txai»poi1cr rocs- 

seoger RNA aro induced by ras or src oacogeaes. 

Science 235:149^-1498; 198& 
9. Sin^ V. M.; Sin^i, M.; Attyjit, J T4 Horectei; B. U 

.MlemLoiu in glu^MC n)et£t)olixm in chkic exnfayo ocHs 

tFaDsSbomcri by Rous sanxHca viivis: intraccHularlcvc] of 

glycolytic ictcnaetfiotes, Ptoc, NotL Acad. Sci. USA 

2&4m-4l32; J974. 
la Rnse, L A^ Wanas, J, V. B. MitsxAoodml hcx<A?nase. 

Release, rebiading, and location, J. Biol. Chcm. 

242:1635-1645; 1967. 

11. Bostaiaaote^ B.; Prxkrscxu R U Hi^ aefobtc glycolysis 
of r^ hepatoma crfls in cuHote: role of mitochosMbial 
hcjwkinase. ?foc Nodi Acad* ScL USA 74*3735-3739; 
1977. 

12. P&ny, D. M; Federscn, P. L. IntmceOnlar locaSrsticni 
atftd propertica of partlculaSr htatolrinase b ihe Novikoff 
ascftiss tmnoii J. BioL Chem. 25S: 10904-10912; 1923. 

13. Nalkashioia* R. A.; Paggi^ M. G.; Sootz, t^; FedersecH 
P. 1^ Purification aodcfaBBTactcrirjkti^ of abiad^Mefbam 
of a zidtudbotndrial bound hexolcfnase from the laghly 
gtycolvUc AS-30D rat h^taiocna cell Hnn. Omccr Re?t, 
43:9li^I9; I98&. 

14. Amta, K. K_; Pcdcrsau P. I>- Functio-nal significance w 
ir.itochondrsaI bound hexokloaxe in tnranr cell 
caet^liolism. J, Bid. Chcm. 263:17422-^1742S; 1938. 

!5.Arora, K. K.; Filham. C. R.; Pcdersea, P. J,. 
Stniclnrvtfttnctioa relationships in hexokinane. Siic- 
directed motatio&al acaiyses «ad charactcrizatjon of 
ovciexpcessed fragnuuits. implicate ditfcncnt funcdons 
for the N- arid C-teamnal halves of the enzyme, /. Biol. 
Chan. 26R:lRi^^tS266; 1993, 

16. Arcra, K. K.; Faacralli, M.; Pedcrscn, P, L. Glacoeo: 
phof^l^ofylation id tnincr ceUs. Uoaiii^. seqocnrang, aod 
overexpiCrSsioQ vx active Xoarni of a fuU-Jcugtii cDNA 
encodiag a mitodioiulnai Inndahlelonn of heicoldnase, 
J, Bioi, Cheat 265:6481-6488; 1990. 

17. Arora, K. K.; Sheabagajnarthi, P.; FancivUi, M.; 
Pc«£cfacii^ R L. Glacose pbosphocykdoo: inftjiaetioa of a 
50-ainzxx> veM pqitide of yeast bexoklnase with triaitro- 
{^)eiiyL J, BioL Chcm. 265:5324-5328; 1990, 

15. Wigfey, W. C; Nakaahioia, R. A. Evidsacc for iJBite?le 
gfiBcs coding for d)e isozynscH of hcxdkinase in the hig)>* 
ly glycolytic AS-JOD rat hepatoma. P£BS Lett. 
300cl53-l5<n 19^ 

19. Sambracit, I.; Fritsch, B. P.; Masiatia^ T. Moiecolar 
Cfoolag: a laboiatary nwuai, CuU Sfviug Haxboi; NV: 
Cold Sgaaf^ Had>or Labofateny 19&9. 

2tt Uaxnczyi^ P.; Saccbi N. Sin^^e-scep ntediod of RNA 
IfidLstioQ by add guanvfu^om i3M0^aaaie-pfaeani-chki- 
cofoim extiactcoo. A»8l, Biocfeeci. 162:156-159; \S«L 

21. Fdnbecg, A. P.; Mitgclssein, B. A technique for xadiob- 
bclh^ DNA lestfictioa eodi^iDdDxsa feagnacots ts hi^ 
speeiGc acHvity. AnaL Biochem. 132:6-13; 

22. f aftntntl. UKCtog^of stroctoralptotcwdo^^ 
assembly of the head of the hsctedophagc T4. KaUne 
227:680-655; 1970. 

23. PaggI, ht G4 FanciBR M.; Del Cario, C; CSao, Gu; 
Biuoo, T.; PSoddi. A. Glucose uttfiialiQn by tumor ocHs: 
apDSitra^latktgaltBodificatlOTof nntodtoadriJt kcai^t- 
nase may [4ay a re^latcry rdbw BiocKcm. Bio{)iiys.'Rea^ 
Commun. 178:648-^5: 199i: 

24. Floridi. A-: P^«gi, M. G.; D'Alri. S.; De Mai^aov C; 
Maicante^ M, L.; Silvesttrini, B.; CaputOv A. Effect of 
lonMafmnft co the csergy nz^afaoliiink of Ehritch asdles 
tunnrcelb. Cancer Res. 41:4661-4^; 1981. 

25. Bitost, H. J. Detensinatiai with laciic*dd[iy<&o£C3uttie 



Received 07/22/2002 14:22 in 06:20 on line [5} for MR10031 printed 07/22/2002 14:30 * Pg 6/6 
rom (613) 991-2760 Order # O2977734DP02349091 Mon Jul 22 15:23:31 2002 Page 6 of 6 



aod DFN. Id: Becsm^o; H. U, td Mctfiods of cnzy- 
oatic analysis. New Yr* Ac^dcaxic Ptc5»; 1965:pp' 

26. Go«Eipertz»B« Ott die fisUoe cf tbe fonctics esqpvosuvo of 
the law t^xnuot moclsalLty^ ;m<! cm Ac new noodc of 
dctcnntiuo£ tSic valoc of life cott^ngcnctcs* PbUcs^ 
Tmis.R.So&Lond.Biol. !IS:513-^S5; 1325. 

27. C3usttif I>4 Gcndic^ K P.; Schssuifif G.; C^rpino, S.; 
Oieco. C; Floddi, Bcjc^sd, ML A ^imalatSnn model 
for tumor growth coDtiulled l>y therapeatic agenrs. 
A&dcftficerRcs. Ih76^772; 199 <. 



£ccis expicssaau iu cxpcriinculad bq^dozttw* Cnocer Res. 
32:2007-2(116; 1972. 
29.Nakashifiift» R. A.; Plag^ M. An»t« K. K.; F^ccseai, 
P. L. tocegirailrxi of susachoiidnal f^Mtctioo wixh hl^ 
acfoinc gl^^colysls ia ta jnois: of hfixokmase binding 
to the outer mitochondrial meicbrane. In: Lem&sicfSv 
J. J.; Mackenbrock, C R.; Thsmsao, R. O.; Wcs^ioff, 
H. v.. eds. Iplegr^ion of mitocbcadclal fiuictioa. New 
York; NY: mecum PublUblng Coinp»ay; 1990:ppu 
4C5-*n. 



EXHIBIT 59 



NMR IN BIOMEDICINE, VOL. 10, 35-41 (1997) 



^'F NMR of 2-Deoxy-2-fluoro-D-glucose for 
Tumor Diagnosis in Mice. An NDP-Bound Hexose 
Analog as a New NMR Target for Imaging 



Yoko Kanazawa,'* Keiko Umayahara,' Toshiyuki Shimmura' and Tsuneo Yamashita^ 

* Faculty of Phannaceutical Sciences, Kyushu University, Fukuoka 812-82, Japan 
^ Daikin Industries, Nishi-ichitsuya, Settsu 566, Japan 



A well-known radiopharmaceutical 2-deoxy-2-lluoro-D-glucose widely used for positron emission tomography 
diagnosis in terms of glucose utilization, was re-evaluated here as a nuclear magnetic resonance pharmaceutical 
for cancer detection. The uptake and metabolism of FDG in the experimental tumor, MH134, transplanted to the 
peritoneum of C3H mice as an ascitic tumor was studied extensively by ex vivo "F NMR. Prolonged retention of 
FDG and its metabolites over 2 days was confirmed in the tumor cells as well as in the heart. In these tissues, the 
6-phosphate of the injected compound was converted reversibly to its epimer 2-deoxy-2-fluoro-D-mannose and 
further to their NDP bound forms. The metabolites were almost cleared within a day from the other healthy 
organs where the formation of NDP-2-deoxy-2-fluoro-D-mannose was low. Thus, the **F NMR signal of NDP- 
FDM detected 1 day after the FDG injection could be used as a target signal for tumor detection. Through the 
use of in vivo ''F NMR spectra and '^F chemical shift images, the feasibility of this proposal was demonstrated. 
It was concluded that FDG-NMR has a potential for tumor diagnosis in animals. © 1997 by John Wiley & Sons, 
Ltd. 
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INTRODUCTION 



2-Deoxy-2-("F]fluoro-D-glucose (FDG) has been devel- 
oped as a radio-phannaceutical for in vivo determination of 
regional glucose utilization in positron emission tomog- 
raphy (PET),* particularly for tiie measurement of brain 
activity.^ Later, cancer has become one of the important 
research targets^^ along with brain activity and cardiac 
muscles. The metabolic trap of FDG-6 phosphate (FDG- 
6-P) in tissue has been the established principle of "FDG 
uptake. Thus, PET-FDG data are analyzed by the model of 
reversible rate processes of tissue incorporation and 6-phos- 
phorylation.* Increased glucose metabolism and diminished 
activity of glucose-6-phosphatase are thought to explain the 
image contrast between malignant and healthy tissues in the 
cancer studies.'** Further metabolic pathways have been 
less emphasised in the study of *'F radio-pharmaceuticals 
which have a lifetime of 110 min. 

In nuclear magnetic resonance (NMR) studies of ^^¥DG 
in mice, the metabolism of FDG beyond FDG-6-P has been 
observed in most organs.'"' The reversible epimerization of 
FDG-6-P to 2-deoxy-2-fluoro-D-mannose-6 phosphate 
(FDM-6-P)* takes place by the action of phosphoglucose 
isomerase (PGI), and is observed in almost every tissue.'""* 
The formation of FDM-6-P is fastest in brain, followed by 
heart'"* " and cancer cells.*** In basic studies of PET- 
FDG,'-^'* these oi^ans have been found to retain **F 
radioactivity longer than the others and are the subjects of 
recent FDG-PET studies, and retention of F-compound over 

* Conespondence to: Y. Kanazawa. 

Contract grant sponsor: Ministry of Education, Japan. 

© 1997 by John Wiley & Sons, Ltd. 



2 days has been confirmed in the heart and tumor using the 
"F NMR method.'"'** In the proton-coupled tissue spectra 
obtained 1 day after FDG injection, the signal intensity in 
the region of FDM relative to that of FDG exceeded the 
equilibrium ratio between FDM-6-P and FDG-6-P attained 
by the catalysis of PGI.*"*** By high-resolution spectroscopy 
of tissue extracts, we have shown that FDG6-P and FDM- 
6-P are metabolized further to their nucleotide-bound forms, 
NDP-FDG and NDP-FDM, in brain, heart and several 
other organs as in Fig. 1.' We suspected, therefore, that the 
formation of NDP-bound hexoses could be the source of 
unusual intensity ratio of FDG and FDM in heart and 
tumors, and it was proved in the study reported herein. 

Chemical shift imaging has long been expected to be an 
ideal method for visualizing regional tissue characteristics 
through the metabolism of intrinsic compoimds of physio- 
logical importance or of specifically designed NMR 
pharmaceuticals. Ehie to the inherent low sensitivity of the 
NMR method, however, metabolic imaging has been 
applied only to limited systems.'^ *' NMR imaging in vivo, 
by using a stable signal of FDG metabolites beyond FDG- 
6-P, that is characteristic to tumor cells, was considered to 
be a powerful technique for the detection and investigation 
of proliferative tissues. A high field imaging instrument was 
employed here to observe the imique metabolite of FDG in 
tumors. 

We report here the potential of FDG as an NMR 
pharmaceutical for cancer diagnosis by in vivo NMR 
measurement Prolonged retention of FDG metabolites in 
tumor cells was accompanied by an effective FDG-FDM 
conversion followed by the synthesis and intensive accumu- 
lation of NDP-FDM. The "*F NMR signals of FDG 
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Metabolite ideiitification 

After the NMR measurements of whole organs or cells for 
quantification at 94 MHz, the metabolites were extracted 
with water for detailed analysis by high resolution NMR. 
Tumor cells and organs were homogenized with a teflon, 
homogenizer (WEATON) with distilled and deionized water 
and centrifuged for 30 min at 1 8 500 g. The supernatant was 
added with the aliquot used to rinse the pellet, and with DjO 
as the NMR lock signal source. The extracted residue was 
also packed in a 10 mm NMR tube for the evaluation of 
extraction efficiency. 



2 : GIticosQHG-phosphataso 

3 : PhosphogJucose tsomeraso 

4 : Phosptx>gtucoinutas« 

5 : UTP hexose-l -phosphate urtdytyttransferase 

Figure 1. Metabolic pathway of fluorohexoses in tumors and 
organs. 

metabolites were observable in simple in vivo NMR 
spectroscopy and imaging. The feasibility of metabolic 
imaging of tumor by using NDP-FDM as the target signal 
was demonstrated. 



MATERIALS AND METHODS 



Materials 

FDG was prepared according to the method of Haradahira et 
al}* The main impurity, FDM, was determined by NMR 
to be below 0.8%, 



Animal experiments 

Female C3H mice were supplied from the Animal Center of 
Kyushu University at 5 weeks of age and kept for 2-4 
weeks in the animal room at the Faculty of Pharmaceutical 
Sciences (23 ±1 *C). About 5xltf cells of MH134 hep- 
atoma were transplanted into peritonial cavities of the mice 
7-9 days prior to the NMR experiments. FDG was injected 
as a saline solution through the tail vein after 16 h of fasting. 
The dose for ex vivo study was 100 mg/kg which was the 
amount where no apparent sign of behavioral disturbance 
was observed.' It was doubled for in vivo ^'F NMR to give 
a better signal-to-noise ratio. 



Quantification of metabolites 

Immediately after the mouse was killed by cervical 
dislocation, tumor cells were collected from ascitic fluids by 
repeated centrifiigation (400-900 g) and washed three times 
with ice-cold saline. Healthy organs (brain, heart, liver, 
muscle, intestine) were excised on an ice bath, washed with 
cold saline to remove most of the blood, wiped with filter 
paper, and packed into a 10 mm NMR tube. The intestine 
was cut into 1-2 cm lengths to remove the contents. The 
cells and organs in the NMR tubes were heated in boiling 
water for 3 min for enzyme deactivation, and the air in the 
tube was replaced with Ar gas to prevent oxidation. 



NMR measurements 

Spectral assignments and quantification. The *'F NMR 
spectra of water extracts were obtained by JEOL GSX- 
270WB operated at 254 MHz under proton decoupling 
conditions. For the spectral analysis, the conditions were: 
spectral band width of 20 kHz, pulse width of 8 \ls (45°), 
77? 450 ms. Spectral assignment was made by referring to 
the ^'F NMR data of authentic samples'" measured from an 
external standard of hexafluorobenzene in benzene (1/400, 
v/v, abbreviated as HFB) with and without proton decou- 
pling. The concentration of fluorine compounds in organs 
was determined using the ''F NMR spectrum of the 
individual whole organ in a 10 mm NMR tube with a JEOL 
FX- 100 spectrometer operated at 93.7 MHz and 23±1 ""C 
with a spectral band width of 40 kHz, pulse width of 16 fjis 
(45°) and TR 180 ms. The intensities of the three main 
peaks from whole organs, the FDG-group (a-, p-YDG, 
FDG-6-P, FDG-l-P and NDP-FDG) at -36ppm from 
HFB, the a-FDM-group (FDM, FDM-6-P, FDM-l-P and 
NDP-FDM) at - 41 ppm, and the jS-FDM-group (FDM and 
FDM-6-P) at — 59 ppm' were measured. The quantification 
>vas done by the published method'*' using an average 
determined with deactivated tissues by a standard inversion 
recovery method using the same spectrometer, a JEOL FX- 
100: 0.9 s for the FDG group and 0.8 s for the FDM groups 
in ascitic cells, and 0.7 s for the FDG group and 0.6 s for the 
FDM group compounds in the other organs, respectively. 

In vivo spectra. ^'F spectra of the mice bearing ascitic 
MH134 tumors were taken with a one-turn surface coil of 
12 mm diameter placed on the lower abdomen iising a 
JEOL GSX-270WB spectrometer under halothane anes- 
thesia (0.5% halothane in air). The signal positions of 
halothane, more than 120 ppm downfield ftom the FDG- 
group. signals, were too far distant to interfere with the 
spectral region of interest The spectra were collected for 15 
min under the acquisition conditions of 8 jjls pulse (22* at a 
depth of 3 mm, 11** at 6 mm) 200 ms pulse repetition time 
and 80 kHz spectral bandwidth. Spectra were obtained at 1, 
6, 24 and 48 h after the injection of 200 mg FDG/kg. 

''F imaging. The images of FDG and its metabolites were 
obtained using a Varian Unity 400plus with a 9.4 T vertical 
magnet of bore size 89 mm. The image probe, used both for 
in vivo spectra and imaging, was equipped with a ^H/^'F 
tunable bird-cage type rf coil of 40 mm inner diameter and 
45 mm height, and shielded gradient coils. FDG (200 mg/ 
kg, i.v.) was injected after 16 h fasting. Thirty minutes 
before imaging, the mouse was placed in the animal 
container under pentobarbital anesthesia (50 mg/kg, i.p.). 
"F chemical shift-selected images were obtained at 
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376 MHz with a simple spin-echo: a chemical shift- 
selection of 1 kHz band width by a gaussian pulse. TR-\ s, 
TE= A mSy 64x16 data points, field of vision (FOV) of 
6 cm X 4 cm without slice selection, and a data accumula- 
tion time of 40-160 min. Images were obtained on the first 
and second days of FDG injection. The mice were fed freely 
in their cages during the interval between in vivo NMR 
experiments. The ascitic cells and heart were collected 
immediately after the in vivo NMR experiments for 
quantification. 



RESULTS 
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Ex vivo "F spectrum . 

NMR spectra of packed ascitic cells (93.4 MHz) and a 
proton decoupled spectrum of the water extracts observed at 
254 MHz are shown in Fig. 2. The spectral separation of the 
FDM groups ftom the FDG group was sufficient in the 
whole packed cells without *H decoupling. The increase in 
the a-FDM group towards 24 h was clearly shown in a low 
resolution spectrum at 93.4 MHz. The 'H decoupled 
spectrum of tumor extracts at 254 MHz indicated that 
NDP-FDM was the main component of the a-FDM group 
signal 1 day after FDG injection. The total concentration of 
fluorine compounds determined fi-om 93.7 MHz NMR 
spectrum was used as the uptake value of FDG in Fig. 3. In 
the early period, between 30 and 120 min after the injection 
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Figure 2. ^'F NMR spectra of MH134 ascitic cells collected at the 
indicated times after lOOmg/kg i.v. Injection, (a)-(c) Packed 
ascitic cells at 1. 9, and 24 h after irTjeaion, observed at 
93,4 MHz; (d) proton-decoupled spectrum of water extracts of 
ascitic cells collected immediately after the observation of (c), at 
254 MHz. The chemical shift standard was hexafluorobenzene In 
l)enzene (1/400, v/v). The FDG-group (FDG), a-FDM-group 
(a-FDM) and )3-FDM-6-P (yS-FDM) were distinguishable. 



time/h 

Figure 3. Uptake of FDG in collected ascitic cells and normal 
organs of lOOmg/kg FDG injected mice. Concentrations were 
determined from 93.4 MHz "F NMR spectra. Most of the points 
are the averages of n=two to four points + standard deviation. 
The data at 48 h are the averages of one to two points. 



of 100 mg FDG/kg, uptake was in the order: heart > packed 
ascite cells>brain> muscle and the other organs. The order 
of uptake after 9 h was changed as follows: heart =packed 
ascitic cells > other organs. The remarkably long retention 
of FDG and its metabolites reported in the previous work, in 
the heart of healthy male ddY mouse''' and in the ascitic 
cells of Sarcoma 180 bearing male ddY mice,'° was 
reproduced with female C3H mice bearing MH134 tumors 
in the present study. The contribution from the FDM group 
to the total uptake is shown in Fig. 4. It increased to 67% of 
the total uptake value 24 h after and to 72% 48 h after FDG 
injection in ascitic cells, which is comparable to our 
previous observation of 73% in the ascitic celk of Sarcoma 
180-bearing ddY mice collected 48 h after 200 mg/kg FDG 
injection.*** The ratio FDM-group/total uptake was also high 
in heart, 66-70% at 24 and 48 h, which was similar to the 
value of 70-74% in the healthy ddY mice.' High values 
were also obtained in the brain and muscle. 

The NMR spectra of the extraction residue indicated that 
the efficiency of the water extraction of metabolites from 
each organ was higher than 80% of visible signals, and it 
was nearly constant through the metabolites: FDG, a-FDM, 
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Figure 4. Concentrations of the FOM-group of metabolites 
found in MH1 34 asctic cells and organs of MH1 34 bearing mice 
injected with 100 mg/kg FDG. relative to total uptalce value. The 
data of organs without detectable signals were not included. 
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Figure 5. Concentrations of NDP-FDM found in the water 
extracts of MH134 ascitic cells and organs of 100 mg/kg FDG 
injected mice. 



and p-¥DM groups in the phosphates or NDP bound forms. 
Thus, the composition of metabolites was evaluated from 
the *H decoupled spectra of water extracts (as in Fig. 2(d)). 
The contribution of NDP-FDM to the FDM signal in Fig. 4 
and consequently to the total uptake was found to be 
dominant in tumor and heart 1 day after injection, as seen in 
Fig. 5. 

The rate of conversion from FDG to the FDM-group was 
evaltiated in two ways. In the early period after FDG 
injection, when the reaction was limited to the epimeriza- 
tion from FDG-6-P to FDM-6-P, typically within 1 h, the 
rate could be estimated by the half time in approaching the 
equilibrium ratio of these two compounds, when FDM-6-P 
formed 42.9% of the total metabolites." From the data of 
Fig. 4, it was evaluated to be 0,6 h for brain and heart, 0.7 h 
for MH134 cells and 0.5-1 h for muscle, and much slower 
values for intestine (2 h) and liver (4 h). The next step, the 
approach to the final state where the dominant metabolite 
was NDP-FDM, was a very slow process. The half times of 
approach to the maximum value of NDP-FDM specific to 
the organs as evaluated from the data of Fig. 5 were of the 
order of 12 h, e.g. ascitic cells (12 h), heart (10 h) and 



muscle (16 h). In the organs such as brain, liver and 
intestine where the metabolites became almost undetectable 
in 1 day, the contribution from NDP-FDM was much less. 
This suggested a correlation between retention and the 
amount of NDP-FDM formed. Although FDG metabolism 
in tumor cells were slow, of the order of 0.7 h from FDG- 
6-P to FDM-6-P and 12 h from FDM-6-P to NDP-FDM at 
a dose of 100 mg/kg, the rate of excretion from tumor cells 
was even smaller as seen in Fig. 3. Since the excretion rate 
was an order of magnitude lower than the rates of these 
reactions, we were able to measure the time courses of the 
reactions themselves by the NMR method with low time 
resolution. 



In vivo spectrum 

In vivo spectra of the mice bearing ascitic hepatomas, taken 
immediately after the injection of 200 mg/kg of FDG and at 
some subsequent intervals, are shown in Fig. 6. The time 
course of FDG dynamics determined from m vivo spectra is 
depicted in Fig. 7. The profile of conversion from the FDG 
group to the FDM group was in good agreement with the 
one obtained ex vivo. The rate of washout at the initial stage 
was larger compared to the ex vivo data (Fig. 3). The reason 
is probably the higher dose used for this in vivo observation, 
which was greater by a factor of two than that for the ex vivo 
study. The spectrum of the last in vivo observation (in Fig. 
6(a)), had essentially same relative intensities as the excised 
cells (Fig. 5(b)) and the water extract (Fig. 5(c)), which 
indicated the equal visibility of F signals in vivo and in the 
high resolution NMR probe, and confirms the efficiency of 
water extraction from tumor cells. 



"F images 

NMR chemical shift selected images were constructed 
from the signal of the FDG-group, starting at 5 h after the 
200 mg FDG/kg injection and accumulated for 107 min. 




ji 



JiLJ 



'4o' ' ' '45' 



Ftgure 6. ^®F NMR spectra (254 MHz) of a 200 mg/kg FDG injected mouse, (a) In vivo spectra of the lower abdomen, 
obtained by a 12 mm surface coil under halothane (0.5%) anesthesia, with 15 min data accumulations. The starting 
time is shown in the figure, (b) Proton-decoupled spectrum of packed ascitic cells immediately after the in vivo 
observation, (c) Proton decoupled spectrum of water, extracts of collected cells used for (b). 
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and of the FDM-group starting at 25 h after the injection 
and accumulated for 160 min. They are shown in Fig. 8 with 
the respective 'H scout images and '^F spectra obtained by 
the same *^/'H tunable volume coil In the FDG- 
selected image, the signal of the FDG-group was observed 
mainly at the position in the lower abdomen where ascitic 
cells were expected. A strong, signal was observed at the 
position of the bladder during this period. The region of 
tumor cells was visualized in the FDM-group selected 
image 1 day after FDG injection as well as the position of 
bladder. A spectrum taken at 28 h with a 12 mm surface 
coil as a receiver with a 43 |xs pulse at the lower abdomen 
was also shown in Fig. 8. The spectral pattern was 
essentially the same as that which we obtained from the 
whole body at 25 h. The concentrations of metabolites 
determined immediately after the last spectral measurement 
were as follows: FDG-group, 220 ^Jimol/kg; a-FDM-group, 
430 (xmol/kg; )^FDM-group, 30 jxmol/kg in collected 
ascitic cells; FDG-group, 210 pimol/kg; and FDM-group, 
690 ji,mol/kg in heart. Taking account of the fact that the 
ascitic cells are in fluid at a concentration of 1/4-1/3, v/v, 
the in vivo concentration of the FDM-group used for the last 
''F image should be below 150 jimol/kg. No such images 
were obtained from healthy mice 1 day after FDG 
injection. 



DISCUSSION 
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Figure 7. (a) The time course of FDG dynamics determined from 
the data of Fig. 6, The concentrations at 24 h was determined 
from the spectrum of collected cells, which was used with the 
relative intensities of in vivo spectra to determine the concentra- 
tion at each lime, assuming that the sensitivity in each 
experiment was the same, (b) The FDG dynamics from the ex 
vivo data of excised ascitic cells in Fig. 3. (a) and (b) are 
essentially the same except for the initial stage where the effect 
of the doubled dose used for the in vivo ot>servations was 
significant. 



The retention of FDG metabolites in heart and tumor tissue 
over 2 days was confirmed in female C3H mice by "F 
NMR. It generalized our previous observations of their long 
retention in heart' and tumor'" using mice of different 
strains and gender, healthy or with tumor cells of different 
origin. 

The main metabolite found in the ascitic cells 1 day after 
FDG injection was NDP-FDM, which formed 0.5 mmol/kg 
of packed cells at the dose of 100 mg/kg body weight. The 
formation of NDP-FDG and NDP-FDM in living systems 
has been reported in yeast and chick-embryo cells using ^H^ 
labeled FDG and FDM and *'C-labeled GTP and UTP by 
the method of radioactive gas-liquid chromatography.'^ The 
products of C2-epimerization such as GDP-FDM from 
FDG have been fotind in yeast cells.'* The '*F-activity found 
in the nucleotide derivatives of '^FDG in rat tumor has been 
shown to be proportional to that of '*FDG-6-P.'' However, 
this is probably the first report of the formation of NDP- 
FDM from FDG as the dominant metabolite in heart and 
tumor cells. 

The slow washout of FDG from cancer cells has been 
explained by the low activity of glucose 6-phosphatase,''^' 
which also accounts for high rate of uptake in brain.^ * A 
decreased activity of glucose-6-phosphatase in Morris 
hepatomas has been reported.'* In the present work, 
however, the half washout time of FDG metabolites in brain 
of ca. 4 h was much shorter than those of heart of I day and 
tumor which was over 2 days. In spite of very low initial 
uptake, retention over 2 days was also observed in muscle 
(Fig. 3), where the formation of the FDM group was not 
small ^ig. 4). A strong correlation was found between the 
retention of FDG metabolites and the formation of NDP- 
FDM. These results suggest the presence of many factors in 
addition to the modified activity of glucose-6-phosphatase 
on the glucose analogs FDG-6-P and FDM-6-P as the 
mechanism of slow FDG clearance. Nor have we any 
evidence to determine whether the long life of metabolites 
in these cells was due to the formation of NDP-FDM or 
whether the regional retention caused the accumulation of 
this compound. In order to understand the mechanism of 
retention over 2 days more woric will be required, including 
the determination of the base species in NDP-FDM. The 
knowledge of such metabolites will contribute to the 
elucidation of the FDG accumulation mechanism. At least, 
we can propose here that FDG could be used as an NMR 
pharmaceutical for tumor diagnosis for both in vivo 
spectroscopy and imaging since the signal of NDP-FDM 
can be used as a marker of tumor, with ahnost the only 
exception being the heart 

A mouse timior has been visualized by using the imique 
metabolite of FDG as the target signal for chemical shift 
selected "F NMR imaging. Besides the proof of the new 
principle of FDG metabolism in tumor, we achieved a 
chemical shift image of a metabolite at a concentration 
below 150 ptmol/kg in a small animal. The success in the 
chemical shift imaging at such a low concentration in mice 
was in part due to the slow rate of reaction and even slower 
rate of clearance of this pharmaceutical, and in part to the 
use of the high field, 9.4 T. Imaging with a vertical type 
magnet has the advantage of large Bq within a limited 
hardware cost and laboratory space, while being applicable 
to both in vivo study and high-resolution observations. 

The use of FDG for tumor diagnosis was originally 
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proposed using the PET method, and has been established 
as a standard procedure in that field. Most of the protocols 
for FDG-PET tumor diagnosis are different from those used 
for brain activity measurements based on the original 
principle of FDG-6-P trapping; data acquired 45 min or 
more af^er FDG injection are known to have a better tumor 
to background contrast.-*"*- Recently, single photon emis- 
sion tomography (SPECT) for FDG imaging^**- ^' has been 
seen as a promising method for meeting the wider need for 
cancer diagnosis due to its better accessibility than PET. It 
is of interest that the data acquisition periods for the clinical 
SPECT study are set in the range of 60-150 min after 
'*FDG injection, which is later than the paired PET 
measurement and the standard FDG-PET protocol.^" The 
image contrast for tumors seems to be attained at the latest 
period allowed for the detection of '^F because of its limited 
lifetime. Recent progress in PET technology enables 
creation of a whole body map^^ which is suitable for 
searching for metastasis. However, a problem has been 
found in the accumulation of FDG in healthy muscle which 
obscures the small target tumor^^ This result is in good 
agreement with our finding of low but long muscle 
retention: a signal source in low concentration but large 
volume can easily mask a small target with higher 



concentration if the imaging method has low spatial 
resolution. Fukuda et al,^ proposed **FDM as a pharmaceu- 
tical for PET-tumor imaging. Our results from this NMR 
study support FDM as a precursor compound for synthesiz- 
ing NDP-FDM in vivo. So far, the results of studies using 
the radioactive pharmaceutical FDG and those with 
NMR are in good agreement, irrespective of the order of 
magnitude difference in the dose employed, and suggest the 
importance of elucidating the mechanism of FDG retention 
in tumors. The combination of molecular information from 
the NMR study with the abundant clinical and experimental 
FDG-PET data will lead to that goal. 



CONCLUSION 

(1) Prolonged retention of FDG metabolites over 2 days 
in the heart and in tumors, mainly in the form of NDP- 
FDM, has been shown for the first time, whereas most 
metabolites were cleared from the other organs within 1 
day. 

(2) Ex vivo and in vivo NMR spectra of FDG and its 
products were consistent, confirming in vivo NMR detect- 
ability of FDG metabolites and the reliability of 
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Figure 8, Chemical shift selected "F coronal images (376 MHz) of a 200 mg/kg FDG injected into an ascites-bearing mouse 
under pentobarbital anesthesia with corresponding 'H scout images and the "F spectra taken immediately before the "F 
image, (a) Data acquisition started at 5 h after the FDG injection and accumulated for 107 min. The FDG-group was selected 
for the "F image, (b) Data acquisition started at 25 h after the injection of FDG, and accumulated for 160 min. The a-FDM- 
group was selected. The image intensity of (b) was doubled compared with that of image (a). "F images were processed 
as follows: zeroFilled to 256 X 1 28 data points, subjected to a gaussian filter of 500 Hz bandwidth, and displayed at 1 .2 times 
intensity steps, (c) ^®F spectrum from the lower abdomen with a 12 mm surface coil. 
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quantification. 

(3) The NMR signal of the FDM-group of metabo- 
lites, mainly from NDP— FDM, was shown to be a good 
target for in vivo, spectroscopy and imaging, to assist in 
tumor detection. 

(4) The applicability of chemical shift imaging to the 
study of metabolites at low concentration in small animals 
by high field magnetic resonance has been demonstrated. 
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Modeling RNA-Ligand Interactions: The Rev-Binding Element 
RNA- Aminoglycoside Complex 

Fabrice Leclerc and Robert Cedergren* 

Departement de Biochimie, Universite de Montreal, CP. 6128, Succursale Centre-ville Montreal, Quebec H3C3J7, Canada 
Received June 6, 1997® 

An approach to the modeling of ligand-RNA complexes has been developed by combining three- 
dimensional structure-activity relationship (3D-SAR) computations with a docking protocol. 
The ability of 3D-SAR to predict bound conformations of flexible ligands was first assessed by 
attempting to reconstruct the known, bound conformations of phenyloxazohnes complexed with 
human rhinovirus 14 (HRV14) RNA. Subsequently, the same 3D-SAR analysis was applied 
to the identification of bound conformations of aminoglycosides which associate with the Kev- 
binding element (RBE) RNA. Bound conformations were identified by parsing ligand 
conformational data sets with pharmacophores determined by the 3D-SAR analysis These 
"bioactive" structures were docked to the receptor RNA, and optimization of the complex was 
undertaken by extensive searching of ligand conformational space coupled with molecular 
dynamics computations. The similarity between the bound conformations of the ligand trom 
the 3D-SAR analysis and those found in the docking protocol suggests that this methodology 
is valid for the prediction of bound ligand conformations and the modehng of the structure of 
the Hgand-RNA complexes. 



Introduction 

Research over the past several years has amply 
demonstrated the importance of RNA-ligand complexes 
in cellular processes. Consequently, there is a growing 
interest in targeting RNA complexes for therapeutics. 
A case in point is the aminoglycoside inhibition of the 
association between the Rev protein and the Rev- 
binding element RNA (RBE) of HIV-1, which determines 
the fate of viral mRNA.^-^ Although the conformation 
of the RBE bound to the Rev peptide has been predicted 
by modeling^ and subsequently confirmed by two NMR 
studies,'*-^ this structure offers little indication as to how 
an aminoglycoside could bind to the RNA in a way to 
prevent the interaction with the Rev protein. 

Modehng and docking a Hgand to a receptor is 
computationally complex in general because of the 
requirement to find mutually complementary sites in 
two confoi-mationally flexible molecules. But in the case 
of RNA complexes, more difficulties arise, because many 
of the computational tools available for studying the 
structure of molecular complexes have been developed 
with proteins in mind. Since NMR and X-ray structures 
of RNA molecules are becoming more commonplace and 
a method of predicting bound conformations of RNA 
from low-resolution chemical data and in vitro selection 
from random libraries^*^ has been developed in our 
laboratory, we have recently focused more on methods 
which determine the bioactive conformation of the 
ligand and the structure of the complex rather than the 
bound RNA conformation. Previously, we showed that 
structure-activity relationship (SAR) analysis of con- 
formationally rigid ligands can be used to obtain infor- 
mation on the three-dimensional structure of the com- 
plex between DNA and quinolones*^ and that a docking 
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protocol based on electrostatic and van der Waals 
energies can be applied to modeling of the Rev peptide- 
RBE complex.^ 

Here, we first assess the validity and rehability of the 
SAR method to identify bioactive conformations for the 
case of conformationally flexible inhibitors, the phenyl- 
oxazohnes, whose bound structures with human rhi- 
novirus 14 (HRV14) have been determined by X-ray 
crystallography.^ Then, the same approach is apphed 
to the study of the RBE-binding aminoglycosides where 
the bioactive conformation is unknown. A docking 
protocol that incorporates the binding properties pf the 
aminoglycosides inferred ft-om the 3D-SAR study is then 
used to predict the binding conformation of the ami- 
noglycosides within the RNA binding site. The final 
model of the complex is supported by the high similarity 
between the bioactive conformations of the ligands 
produced by the SAR study and the docking protocol as 
well as the ability of the model to rationalize available 
experimental data from the complex. 

Results and Discussion 

We have devised a scheme based on a 3D-SAR 
analysis and a docking protocol to model the boxmd, 
bioactive conformation of aminoglycosides and the RBE 
RNA- aminoglycoside complex (Figure 1). The method 
involves the prediction of the biologically significant 
conformations by a 3D-SAR analysis using extensive 
conformational generation (Figure 1, steps 1-4). The 
bioactive conformers thus identified are used as starting 
conformations for a docking and modeling protocol. 
During docking extensive conformational sampling is 
used again which, together with molecular mechanics, 
produces a new series of bioactive conformations (steps 
5 and 6). The reliability of models is then evaluated by 
comparison of the bioactive conformations identified by 
3D-SAR and docking (step 7); this step provides a type 
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a)3D-SAR 



Leclerc^nd Cedergren 
b) DOCKING & MODELING 



LIGANDS 



BIOACTIVE CONFORMERS 
1,2,3,4,5,6,... 



l-group of compounds 
inio activity class(es) i conformational sampling 



5a docking to the receptor site 
and conformational search 



ACTIVITY CLASS(ES) 



CONFORMATIONAL SETS 



RECEPTOR/LIGAND COMPLEXES 



2» identification of 
common substructures 



STRUCTURAL PATTERNS 
1, 2, 3. 4, 5, 6, .„ 



^ refinement by molecular mechanics 



^ selection of conformers 
matching pattern 



BIOACTIVE CONFORMERS 
1,2,3,4,5,6,-. 



BIOACTIVE CONFORMERS 
r,2',3',4', 5', 6', .« 




CH, 



Z. comparison 

Figure 1. Flowchart for the proposed protocol: (a) 3D-SAR approach (steps 1-4), (b) docking and modeling approach (steps 5, 
6) and comparison of the bioactive conformations (step 7). 

18 have the isoxazole in the "toe" of the binding pocket 
composed of amino acids P174, V176, and A24 (Figure 
3b)- 

To predict the binding conformation of the WIN 
compounds, we first combined all eight compounds into 
• a single class in order to find all possible binding 
orientations and then subsequently determined bioac- 
tive conformations for each ligand orientation after 
classifying them into two groups. The eight WIN 
compounds produced a number of pharmacophores 
identified by the APEX-3D program (Table 1); however, 
the pharmacophores could be divided into two types: 
one which featured only one ligand orientation with 
respect to the receptor and the second which allowed 
two orientations for these groups as found in the 
crystallographic stuctures. The statistics for the best 
pharmocophore of each type are given in Table 1. 

The detection of two potential binding orientations led 
us to separate the compounds into two groups, which 
in fact corresponded to the higher activity compounds 
(11—14) and the lower activity group, 15—18 (Figure 2). 
Table 1 shows the statistically most significant phar- 
macophores for each group. The bioactive conformation 
of each compound, shown in Figure 3c,d, weis then 
obtained by parsing the conformational sets generated 
for each ligand in a group with the pharmacophore 
identified for the group. These conformations were then 
compared with the ligand conformation in the crystal 
structure. The best pharmacophore in group I aligned 
the ligands very well: the rmsd between the 3D-SAR 
and crystal structure was 0.0 for compounds 11—13 and 

1.3 A for 14 (group I, Figure 3c). The best pharmacoph- 
ore of the group II compounds predicted bioactive 
conformations of these compounds within a distance of 

1.4 A rmsd from the crystal structure for 16—18 and 2.0 
A for 15 (Figure 3d). 

Thus, the simple qualitative SAR model permitted the 
identification of pharmacophores that correctly describe 
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Figure 2. WIN compounds and their activities: chemical 
structures and the respective biological activities. The letter 
X represents three methylene groups in compounds 11-15 and 
one in compoimds 16-18. A represents the oxazole and B, C 
the phenyloxazole group. 

of internal validation of the modeling procedure. The 
3D-SAR aspect of the approach was tested first using 
the inhibitors of HRV14 (the WIN compounds), and 
subsequently the entire strategy was applied to the 
study of the RBE-binding aminoglycosides. 

Bioactive Conformations of WIN Compounds, 
The antiwal WIN compounds shown in Figure 2 were 
chosen for testing since the X-ray crystallographic 
structures revealed two alternate orientations of the 
compotmds, an indication of high flexibility: ^0,11 com- 
pounds 11-14 have the isoxazole, ring A, in the "heel" 
of the binding pocket composed of amino acids T216, 
L106, C199, and Y197 (Figure 3a), and compounds 15- 
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b) Group II 




c) Group I 



d) Group II 





compound II 12 13 14 
RMSD(A) 0.0 0.0 0.0 1.3 



compound 15 16 17 18 
RMSD(A) 2.0 1-4 1.3 1.4 



Figure 3. Conformations and binding modes of the WIN inhibitors: (a) crystal structures of inhibitors 11-14 superimposed 
according to their position and orientation in the binding pocket, (b) crystal structures of 15-18 supenmposed according to their 
position and orientation in the binding pocket, (c) ahgnment of group I compounds using the pharmacophore of Table 1 (rmsd 
values refer to the differences between the 3D-SAR structure and that of the crystal), (d) ahgnment of group II compounds using 
the pharmacophore of Table 1. 

both the 4,5- and 4,6-DOS compounds. The pharma- 
cophores were then used to parse the conformations and 
align the compounds. The rmsd calculated between the 
bioactive conformations predicted by pharmacophores 
3 and 4 was 2.3 and 2.9 A for neomycin and tobramycin, 
respectively, whereas the rmsd between the conforma- 
tions predicted by pharmacophores 4 and 5 was 1.4 A 
for neomycin. The most similar pair of bioactive con- 
formers was produced by pharmacophores 1 and 4 
where the difference for neomycin and tobramycin was 
1.2 and 0.6 A, respectively. 

Docking of Aminoglycoside Antibiotics. Docked 
models were produced for the neomycin B (high activ- 
ity), tobramycin (high activity), kanamycin B (low 
activity), paromomycin (inactive) complexes. The initial 
structure for each complex, models 1—5, was constructed 
with the five bioactive conformers produced by the 
pharmacophores (Figure 5). Models were also built 
using the energy-minimized conformations of the ligands 
and were identified as models Ml and M2. In all cases, 
ligands were bound to the previously suggested G46, 
G47, and G48 region^ (Figure 4c) of the bound RBE 
conformation constructed by Leclerc et al.^ and sup- 
ported by NMR data.^'^ Two orientations of the ligand 
with respect to the RNA binding site were evaluated 
during docking (see Methods). Only those initial models 
whose interaction energies were within 50 kcal/mol of 
the lowest energy model constructed with the energy- 
minimized ligand conformation were retained for fur- 
ther study (Table 3). Subsequently, searches of ligand 
conformational space of the retained models were 
undertaken by exploring the sterically available tor- 
sional angles of the ligand until an optimal value for 
the interaction energy was obtained for each model (see 
Methods). The significance of the models was evaluated 
by comparing them with two control models, CI and C2, 
which were constructed by docking the aminoglycoside 
to the region of nucleotides 50, 51, and 52, instead of 



Table 1. Pharmacophores of WIN Comp ounds 

data no, of 

compd pharmacophores orientation probability reliability match 

ail 151° one 0.90 n/a 0.38 

two 0.90 n/a 0.27 

group I 55*- one 0.83 0.94 0.67 

group 11 one 0.83 0.94 0.36 

° Number of pharmacophores found for all compounds having 
a probability >0.80 and match >0.20. This number included two 
types of pharmacophores: one having one orientation for all 
ligands and the other two orientations. * Number of pharmacoph- 
ores found for group I 1 11-14) and group II (15-18) compounds 
having a probability >0.83. Among these pharmacophores those 
having the highest match value are indicated. 

the binding orientation and bioactive conformation of 
seven of the eight WIN compounds within 1.4 A rmsd, 
and this result must be viewed in the light of the fact 
that the receptor structure was not used during the 
determination. 

Bioactive Conformations of Aminoglycosides. 
Ten aminoglycosides which inhibit the Rev-RBE RNA 
complex formation belong to two structural families: the 
4,5-diglycosyl-2-deoxystreptamines (4,5-DOS) including 
neomycin B, ribostamycin, lividomycin A, and paromo- 
mycin (Figure 4aj and the 4,6-diglycosyl-2-deoxy- 
streptamines (4,6-DOS) including tobramycin, kanamy- 
cin A and B, and gentamicin Cla (Figure 4b). Thus one 
of the subordinate goals of this study is to determine 
whether the two structural classes bind to the RNA 
receptor (Figure 4c) in the same manner. For this 
reason our analysis focuses on neomycin and tobramy- 
cin, the two most active inhibitors belonging to the two 
structural classes. 

The most significant pharmacophores shared by the 
highly active compounds, neomycin B, lividomycin A, 
tobramycin, ribostamycin, kanamycin B, and gentamy- 
cin Cla, are shown in Figure 5 and summarized in Table 
2. Significantly, these patterns show that the core 
structure defined by rings A and B binds similarly for 
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Figure 4. Aminoglycoside inhibitors of the RBE RNA: (a) chemical structiires and biological activities of the 4,5-DOS compounds, 
(b) chemical structures and biological activities of the 4,6-DOS compounds, (c) secondary structure of the RBE RNA. Watson- 
Crick base pairs are indicated by solid hnes and the non-Watson -Crick base pairs by dashed hues. The positions protected from 
chemical modification by neomycin and tobramycin are indicated in bold. 



the G46, G47, and G48 region in two opposite orienta- 
tions (see Methods). Complexes were solvated and 
energy-optimized; Table 3 shows the association free 
(energies of the models for the four representative 
aminoglycosides. 

In the case of the 4,5-DOS compounds neomycin and 
paromomycin, the bioactive conformations selected by 
pharmacophores 4 and 5 converged to the same model 
5 during optimization. Similarly, the bioactive confor- 
mations of 4,6-DOS compounds (tobramycin and kana- 
mycin B) from pharmacophores 1 and 4 converged to 
model 1. The three models with the most favorable 
association free energies (models 2, 5, and Ml) were 
submitted to molecular dynamics (MD) simulations for 
further refinement. In these cases, an explicit repre- 
sentation of the solvent which allows displacement of 
the ligand from its binding site by water molecules was 
used to evaluate their relative stability. After MD, the 
geometries of the final structures were similarly opti- 
mized, and the association free energies were calcxilated 



to determine the degree of accordance between the 
models and the experimental data. As shown in Table 
3, the optimal association free energy is obtained for 
model 5 in the case of both neomycin and tobramycin 
supporting the thesis of a common binding mode for 4,5- 
DOS and 4,6-DOS compounds. 

The docking protocol produced bioactive conforma- 
tions from pharmacophore 2 or the control Ml (models 
2 and Ml) which significantly deviated from the SAR 
conformations for both neomycin and tobramycin. How- 
ever the conformations of model 5 and the SAR-derived 
structure were quite similar: the heavy atom rmsd 
calculated between the 3D-SAR bioactive conformation 
and those obtained after MD is 1.2 A for both neomycin 
and tobramycin. We propose model 5 as the best 
representation of the complex structure based on its 
consistent results and highest association free energy. 

Model of the RBE -Aminoglycoside Complex. 
The docking and modeling strategy used in this study 
produced model 5 of the neomycin B or tobramycin and 
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Figure 5. Pharmacophores and bioactive conformations of neomycin and tobramycin. Five pharmacophores were used to aHgn 
inhibitors illustrated with the neomycin (blue) and tobramycin (orange) bioactive conformations. The pharmacophoric centers 
are indicated by yellow spheres in the case of ring centers and cyan spheres in the case of atomic centers. 



Table 2. Pharmacophores of Aminoglycoside Antibiotics 



data 
compd 


no. of 
pharmacophores 


pharmaco- 
phore" 


probability 


reliability 


match 


active 


29* 


1 


0.88 


0.97 


0.40 






2 


0.86 


0.97 


0.57 






3 


0.86 


0.95 


0.55 






4 


0.86 • 


0.95 


0.52 






5 


0.86 


0.95 


0.47 



° Five best pharmacophores based on probability. ^ Pharma- 
cophores present in at least five of the six highly active compounds 
identified having a probability >0.85. 

the RBE RNA shown in Figure 6 (top and bottom, 
respectively). These models reveal that the local inter- 
actions between both neomycin and tobramycin and the 
RBE RNA involve all the atomic centers defined by the 
patterns of pharmacophores 2 and 5. For example, N2' 
makes a contact with the Hoogsteen face of G47 and 
G48 in model 2 and the phosphates of G46 and G47 in 
model 5. Moreover, the association free energies of this 
model can rationalize differences in inhibitory strength. 
The best free energies of complexes reported in Table 3 
for the two 4,5-DOS compounds, neomycin B (strong, 
model 5) and paromomycin (weak, model Ml), differ by 
more than 15 kcal/mol as do the energies between the 
two 4,6-DOS compounds, tobramycin (strong, model 5) 
and kanamycin B (weak, model 5). 

The models generated for the RBE- aminoglycoside 
complexes are in agreement with the chemical protec- 
tion data showing that modifications of the nucleotides 
G46, G47, and G48 are blocked by neomycin B and 
tobramycin.^ The models are also consistent with in 



vitro selection experiments,^ where, for example, a 
decrease in binding affmity of neomycin is observed by 
substituting the non-Watson -Crick base pair A48:A71 
for G48:G71. This observation suggests a direct contact 
between these residues and the aminoglycoside,^ a 
feature of our model (Figure 6).. 

Although the binding mode is presently unknown, 
Zapp et al.^ have proposed an interaction of aminogly- 
cosides with nucleotides G46, G47, and G48 of the RBE 
RNA. Also, Robinson et al.^^ suggested that the binding 
involves formation of a bridge across the major groove. 
Our model 5 supports both these proposals. Even 
though docking was initiated in the G46-G48 region, 
modehng did involve extensive translation of the ligands 
with respect to the RBE, and only suboptimal models 
were obtained by binding ligands to other regions of the 
RNA. Parts of the neomycin and tobramycin (rings B, 
C, and D for neomycin) aminoglycosides bind the region 
of G46, G47, and G48, and the key nitrogen atom N6' 
(ring A) identified in the 3D-SAR study (present in 
neomycin but absent in the inactive aminoglycoside 
paromomycin) forms a contact on the opposite side of 
the major groove with C65 and G66. Recent experi- 
mental data demonstrated that aminoglycoside binding 
to the RBE RNA is stoichiometric and suggested that 
hydrophobic and/or stacking interactions could occur 
between the pyrene moieties (ring B; see Figure 6) and 
the RBE RNA. 13 Although our model did not incorpo- 
rate this most recent information, model 5 features a B 
ring buried in the major groove consistent with the 
experimental data. 
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Table 3. Binding Energy Contributions for the Different 
Molecular Models of RBE— Aminoglycoside Complexes £ifler 
Docking and MD 

association free energies (kcal/mol)° 



neomycin B 



tobramycin 



kanamycin B 



paromomycin 



model* 


after docking 




after MD 


AGel 




AGtotal 




AGn 


AGtotaJ 


1 


-30 


-46 


-76 








2 


-35 


-56 


-91 


-31 


-41 


-72 


3 


-23 


-46 


-69 










-41 


-50 


-91 


-25 


-56 


-81 


Ml 


-43 


-48 


-91 


-31 


-30 


-61 




-34 


-48 


-82 








C2 


-27 


-50 


-77 








1(4)- 


-25 


-44 


-69 








2 


-30 


-42 


-72 


-35 


-34 


-69 


3 


-27 


-42 


-69 








5 


-35 


-46 


-81 


-32 


-48 


-79 


Ml 


-27 


-38 


-65 


-28 


-30 


-58 


M2 


-26 


-34 


-60 








01 


-28 


-44 


-72 








02 


-24 


-34 


-58 








1(4)- 


-23 


-42 


-65 








2 


-26 


-48 


-74 


-28 


-28 


-56 


3 


-24 


-44 


-68 








5 


-30 


-42 


-72 


-27 


-33 


-60 


Ml 


-34 


-42 
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-29 


-59 


M2 


-26 


-36 


-62 








01 
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-42 
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02 


-20 


-40 


-60 








1 


-20 


-46 


-66 
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-20 


-50 


-68 
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-16 
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-64 
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-45 
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Ml 


-29 
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-15 


-42 
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01 
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02 
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« The association free energy, AGtotai, was calculated according 
to the approach used by King and Barford^^ based on the 
separation of the electrostatic and hydrophobic contributions. The 
electrostatic contribution, AGei, was calculated by the FDPB 
method as described by Srinivasan et al.^ The hydrophobic 
contribution was calculated from the surface-accessible surface 
area with a proportionality constant of 40 cal/mol A^. ^ The models 
identified by the same root name correspond to a common 
superposition mode of the core structure among the different 
aminoglycosides; in parentheses are the pharmacophores which 
the bioactive conformations led to the same model. The SAR 
model indicated in parentheses led to the same docked model. 

Finally, it is noteworthy that our modeled structure 
of the neomycin B-RBE RNA complex shares some 
common structural features with the structure of the 
complex formed between the 16S rRNA and paromo- 
mycin.^'* Both binding regions include an internal loop, 
featuring non- Watson-Crick base pair interactions and 
btilged nucleotides, sandwiched between two stems. The 
similarities between the two complexes reside in the 
aminoglycoside bioactive conformation and the specific- 
ity of the contacts formed with the RNA receptor. In 
our model, the aminoglycoside adopts an L-form con- 
formation in which rings B, C, and D form a linear array 
similar to that observed in the 16S rRNA complex. The 
aminoglycoside exhibits chair conformations for rings 
A, B (with the amino and hydroxy! groups in equatorial 
positions), and D with the amino group N6" in an 
equatorial position and the other substituents (hydroxyl 
and amino groups) in axial positions, another structural 
feature retrieved in our model (Figure 6, top). 

Rings A and B establish the more specific contacts. 
In the 16S rRNA, the amino group Nl interacts with 
the essential nucleotide 111495,^'* whereas in the RBE 
RNA, it interacts with the nucleotides G47 and G48 
chemically protected by neomycin and tobramycin upon 
binding.! In contrast, the C and D rings form only 



contacts with the phosphate backbone. Similarly, in our 
model, ring C makes direct contacts with the phosphate 
backbone at G46 and A68, whereas ring D makes 
contacts mediated through water molecules with the 
phosphate backbone at U45 and G70 and the Hoogsteen 
face (06 and N7 atoms) of the base at the third 
chemically protected position G46 (Figure 6, top). . 

Conclusions 

The prediction of bioactive conformations and binding 
orientations of ligands is not an easy task. Recent X-ray 
crystallographic studies of ligand-receptor complexes 
have shown that very similar ligands can adopt different 
binding modes^^ as in the case of the WIN compounds. 
Since ligand-receptor interactions may involve high- 
energy conformations of the individual molecxiles, bio- 
active conformations may differ significantly from the 
unbound conformation. Nevertheless, we show here 
that it is possible to describe accurately the binding 
properties of ligands, using a modeling strategy based 
on 3D-SAR and docking studies, even in the case of 
small sets of very flexible ligands. The advantage of 
this protocol is that the computationally complex dock- 
ing protocol is performed with a greatly reduced, but 
relevant, conformational library as determined by 3D- 
SAR. The original conformational space generated, for 
neomycin (maximum rmsd of 5.3 A) and tobramycin 
(maximum rmsd of 4.() A) was reduced dramatically to 
rmsd of 2.3 and 2,9 A for neomycin and tobramycin 
during docking. Docking and modeling is thus initiated 
with more likely ligand conformations and refined by 
an explicit representation of the receptor's geometry. In 
the final step, MD simulations were used to optimize 
the interaction with the receptor RNA. 

Methods 

Data. The data used in this paper were taken from Badger 
et al.^*' for the phenyloxazolines (the so-called "WIN" com- 
pounds) and from Zapp et al.^ for the aminoglycosides. In the 
case of the aminoglycosides, since data were collected from 
experiments carried out at pH 7.9,^ all amino groups of the 
4,5-diglycosyl-substituted 2-deoxystreptamine (4,5-DOS) com- 
pounds were assumed to be protonated,^® with the exception 
of the 3-amino group of the B ring. 

Conformational Libraries. Conformational libraries of 
all compounds were generated by the Search-Compare module 
(version 2.3.5; Biosym/MSI Technologies, San Diego, CA) which 
systematically samples free torsion angles (each single bond 
of the ligand was rotated through 360° in increments of 120°", 
unless otherwise indicated), Conformers were clustered into 
subclasses based on the pairwise root-mean-square deviation 
(rmsd) determined by superimposing the three-dimensional 
structures of conformers. A conformational "set" of aroimd 200 
conformers for each compound was assembled by taking the 
lowest energy conformer of each subclass. 

Conformational generation was initiated for the WIN com- 
pounds using conformations found in the crystal structures of 
their complexes.^** Pairwise distances among subclasses of the 
conformational set were from 0.6 to 1.0 A rmsd. Starting 
conformations for the aminoglycosides were those found after 
structure optimization by molecular mechanics calculations 
using the CFF93.1 set of force-field parameters'^ or the 
conformations found in the 3D-SAR study presented here. 
During conformational generation, a 60^ increment of rotation 
around each single bond was used except for the single nonring 
connecting bonds which were incremented by 120°. The major 
pucker forms (C2'-endo, 04'-endo, C3'-endo) for the ribose and 
the two twist conformers for iodopyranose were also repre- 
sented in the conformational evaluations. The pairwise 
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Figure 6. RBE RNA-aminoglycoside model: (top) stereoview of the RBE RNA-neomycin B complex (model 5), (bottom) stereoview 
of the RBE RNA- tobramycin complex (model 5). The neomycin B and tobramycin are bound in the major groove of the RNA. The 
nucleotides of the region strongly protected upon binding are indicated in gray (nucleotides G46, G47, G4S)}^ The mtrogen and 
oxygen atoms of neomycin B and tobramycin forming molecular contacts are indicated in dark blue (N2', Nl, N2", or N3 ) and 
red, respectively. The rings corresponding to pharmacophoric centers are indicated by a sphere in gold placed at the center of 
mass of the ring. The nitrogen atoms corresponding to pharmacophoric centers are in CPK representation as are the 06, N7^ and 
OlP atoms of G47 and G48. Water molecules or counterion (Na+) involved in phosphate or base contacts between the antibiotic 
and the binding site are in cyan and purple, respectively. Hydrogen bonds are indicated by white dashed lines. 



distances among these conformational subclasses were from 
1.0 to 2.5 A rmsd. 

SAR Methodology. The 3D-SAR studies were carried out 
using the APEX-3D expert system^^ developed by Golender et 
al.^9 for the classification of compoimds sharing a given 
biological activity (in this case, binding to a receptor). Cor- 



relations among atomic and ring centers of the ligand, their 
associated physical properties, and their activity were deter- 
mined. Centers and their associated properties were then 
organized into coherent substructures, the pharmacophores, 
which represented structural properties common to the largest 
number of ligands of the activity class. Bioactive conforma- 



182 Journal of Medicinal Chemistry, 1998, Vol 41, No. 2 



Lecterc and Cedergren 



tions were estimated by examining every conformer of each 
compound to identify which conformation(s) permitted the best 
overall three-dimensional superimpositi on of the pharmacoph- 
ore. The congruency of the superimposition was estimated by 
the "match" value calculated from the proportion of centers 
which overlap. This value varies from 0 to 1 (with 1 as the 
best-possible fit). The statistical significance of the pharma- 
cophores was estimated by two criteria: (1) the probability that 
a novel compound, possessing the pharmacophore, would 
belong to the same activity class (a Bayesian estimate) and 
(2) the reliability, a measure of a nonchance occurrence of the 
pharmacophore (binomial probability). By these definitions, 
when the entire training set belongs to a single class, the 
rehability is not apphcable and the probability is equal for all 
pharmacophores. 

Docking of Aminoglycosides. Aminoglycosides were 
docked to the Rev-binding RNA in a two-step procedure using 
starting conformations determined by the SAR analysis or by 
molecular mechanics calculations of the ligands and the 
conformation of the Rev-binding RNA previously determined.^ 
In the first step, the starting conformations were oriented in 
either of two ways: one featured the A ring pointing toward 
the tetraloop and the C and D rings toward the open end of 
the RBE RNA; the other was oriented in the opposite direction. 
Different juxtapositions of the ligand with respect to the 
receptor site were constructed by translations and rotations 
of the Hgand in space with respect to the receptor using 
increments of 0.1 A and 0.5°, respectively. All structures were 
evaluated to find a locally optimal orientation by determination 
of the van der Waals and electrostatic components of the 
energy of interaction.^ In the second step of the procedure, 
the energy of interaction was optimized by sampUng the ligand 
conformational space within the binding site by rotation about 
all sterically unhindered single bonds. Final models were 
obtained after molecular dynamics refinement. 

Computer Simulations of the RBE— Aminoglycoside 
Complexes. The RBE— aminoglycoside complexes constructed 
in the absence of explicit solvent were subjected to energy 
minimization until the maximum derivative was less than 5.0 
kcal^'mol A. Counterions (Na"^) were placed at 6 A from the 
phosphorus atoms along the O— P— O axis. The resulting 
complex was then solvated with a 6.0- A thick water layer 
(approximately 2200 water molecules). To remove the van der 
Waals conflicts created by hydrating the RNA- aminoglycoside 
complexes, water molecules were subjected to energy minimi- 
zation until the maximum derivative was less than 50 kcal/ 
mol A and then to a 1-ps MD simulation at 300 K Intenrie- 
diate evaluations of candidate RBE -aminoglycoside structures 
were conducted by optimizing their geometry until the maxi- 
mum derivative was less than 1.0 kcal/mol A. Models having 
high binding energies were retained for further analyses. 
Simulations were completed for these models by first heating 
the solvent and counterions from 10 to 300 K in steps of 50 K 
for 3 ps while keeping the RNA-ligand complex fixed in space. 
In the second heating cycle, the position of the RNA-ligand 
complex was constrained in space by (1) tethering the first base 
pair of the RNA stem/loop structure to its initial position with 
a force constant of 50 kcal/mol A^, (2) imposing distance 
constraints based on quadratic force constants of 20 and 10 
kcal/mol for Watson-Grick and non-Watson— Crick base 
pairings, respectively, (3) imposing an equilibrium distance 
of 2.9 A between hea\'y atoms involved in hydrogen bonding, 
ahd~v4) constraining the angles between the hydrogen donor 
and acceptor to 160° using quadratic restraints with a force 
constant of 2.0 kcal/mol A^. Finally, the system was submitted 
to 150 ps of MD simulation under distance constraints only. 
The nonbonded interactions were treated by the Cell Multipole 
Method.2<>'2i All simulations were performed using the Dis- 
cover package interfaced to the CFF93.1 force field in the 
constant-temperature, constant- volume ensemble. 
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DESCRIPTION 

Octreotide is the acetate salt of a cyclic octapeptide. It is a long-acting octapeptid^^ 
with pharmacologic properties mimicking those of the natural hormone sornatostSin. 
Octreotide is known chemically as L-Cysteinamide, D-phenylalanyl-L-cysteinyl-L- 
phenylalanyl-D-tryptophyl-L-lysyI-L-threonyI-N-[2-hydroxy-1-(hydroxy-methyl) propyl]-, 
cyclic (2D7)-disulfide; [R-(R*,R*)]. 

Sandostatin LAR® Depot (octreotide acetate for injec ta bl e suspension) is available in a 
vial containing the sterile drug product, which when mixed with diluent, becomes a 
susp ensio n that is given as a monthly intragluteal injection. The octreotide is uniformly 
distributed within the microspheres which are made of a biodegradable glucose s tar 
polymer, D,L-lactic and glycolic acids copolymer. Sterile mannitol is added to the 
micros-pheres to improve suspendability. 

Sandostatin LAR® Depot is available as: sterile 5-mL vials in 3 strengths delivering 10 
mg, 20 mg or 30 rng octreotide free peptide. Each vial of Sandostatin l_AR® Depot 
delivers: 



Name of Ingredient 


10 mg 


20 mg 


30 mg 


octreotide acetate 


11.2 mg* 


22.4 mg* 


33.6 mg* 


D, L-lactic and 


188.8 mg 


377.6 mg 


566.4 mg 


glycolic acids copolymer 








mannitol 


41.0 mg 


81.9 mg 


122.9 mg 


*Equivalent to 1 0/20/30 mg octreotide base. 



m 



http://www.rxlist.coni/cgi/geiieric2/octreotide.htm 



Sandostatin LAR Online, Descripti'^n, Chemistry, Ingredients - Octreotide ^—KList Monographs 



Page 2 of 2 



-Advert* semeft tS" 



Featured Centers 

• Can't Sleep? 

• Get Vitamins 50% Off 

• Home Defibrillator 

• Having a Baby? 

• Epilepsy Help 

• Heart Failure Device 

• Years of Joint Pain? 



advefiisement 

III 



News FromM&MP 

• Connpany Issues 
Pacemaker Malf u nc ti on 
Warning 

• Deaths Seen With 
Fentanvl Narcotic Pain 
Patch 

• FDA Reviews Adult 
Antidepressant-Suicide 
Link 




Each svrinqe of diluent contains: 




carboxymethylceliulose sodium 


12.5 mg 


nnannitol 


15.0 mg 


water for injection 


2.5 mL 



The molecular weight of octreotide is 1019.3 (free peptide, C49HggN^QO^QS2) and its 
amino acid sequence is H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-ol'xCHgCOOH 
where x = 1 .4 to 2.5 



For information on ordering Sandostatin LAR Online, please click the "online phanmacy" link on the blue horizontal navigation bar at the top of 
every page or dick the "Get a Price Quote" Badge on the right side of pages like this one for a more direct route to a specific product. Finally you 
may click Order Online Here . 

RxList only refers patients to online pharmacies certified by VIPPS, Verified Intemet Pharmacy Practice 
Sites , a program administered by the National Association of Boards of Phamnacy which ensures that 
member pharmacies offering online prescription services are bona fide, fully licensed, and demonstrate 
"competent Internet/interstate pharmacy practices." 
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